J 



Europaisches Patentamt 
® {)))) European Patent Office © Publication number: 0 230 893 

Office europgen des brevets ^ ^ 



® EUROPEAN PATENT SPECIFICATION 

@ Date ofpublication of the patent specification: © Int. CI.«: C07C 229/46, C07C 233/10, 

C07C 229/40, C07D 401/12 

@ Application number: 87100274.7 
@ Date of filing: 12.01.87 



@ Paramagnetic chelates. 





Priority: 30.01.86 IT 1923686 


@ Proprietor: BRACCO INDUSTRIA CHIMICA Socleta per 
Azlonl, via E. Folll, 50, 1-20134 MHano(IT) 




Date of publication of application : 


@ Inventor: Felder, Ernst, Prof. Dr., Via Cereslo 49, 
CH-6826 RIva S. Vltale(CH) 
inventor: Fumagalll, Luciano, Prof. Dr., Via Del 




05.08.87 Bulletin 87/32 


® 


Publication of the grant of the patent: 


Guameri 14, 1-20100 Mllano(IT) 


13.06.90 Bulletin 90/24 


Inventor: Uggeri, Fulvlo, Dr., Via A. Grossl 16, 




1-20073 Codogno (MI)(IT) 

Inventor: Vlttadlnl, Giorgio, Dr., Via CherubinI 6, 


® 


Designated Contracting States: 


1-20145 Mllano(lT) 




AT BE CH DE ES FR GB GR IT U LU NLSE 


© Representative: Zutter, Hans Johann Nlklaus, EPROVA 


® 


References cited: 
EP-A- 0071 564 


Aktlengesellschaft im Laternenacker 5 V 




CH-8200 Schaffhausen(CH) 




EP-A- 0124 766 






EP-A- 0133 603 






WO-A-86/02005 






FR-A-2331 549 






US-A-4558145 






CHEMICAL ABSTRACTS, vol. 103, no. 13, 30th 
September 1985, page 291, column 1, abstract 




CO 




o> 


no. 101218c, Columbus, Ohio, US; R.B. LAUFFER at at: 




"Preparation and water relaxation properties of 




CO 


proteins labeled with paramagnetic metal chelates" 




o 












CI 







O Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give notice to 
the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in a written reasoned 
A statement. It shall not be deemed to have been filed until the opposition fee has been paid (Art 99(1) European patent 
!■! convention). 



ACTQRUM AG 



EP 0 230 893 B1 



Description 

BACKGROUND OF THE INVENTION 

5 I. Field of the Invention 

The invention relates to compounds which affect the relaxation time of atomic nuclei. More particular- 
ly, it pertains to compounds for use in effecting the relaxation times for nuclei in animal and human tissue 
which can be used for diagnosis through NMR imaging. 

10 

2. Description of the Prior Art 

The NMR imaging method is based on the characteristic of certain atomic nuclei which have their own 
magnetic momentum and, in particular, protons, of orienting themselves, as the result of a magnetic field, 
15 in a state of equilibrium from which they can be moved by the use of pulses of a given radio frequency 
(resonance frequency). 

The nuclei then return to their original state of equilibrium as a result of spin-spin and spin-lattice re- 
laxation. The time required for returning to the state of equilibrium, known as relaxation time, gives valua- 
ble information on the degree of organization of the atoms and on their interaction with their environment 

20 On the basis of differences in proton density and relaxation times, images of biological tissues can be 
obtained which may be used for diagnostic purposes. 

The greater the differences in the relaxation times of the nuclei which are present in the tissues being 
examined, the greater will be the contrast in the image that is obtained; cf., for example, P. Brunner et al, 
J. of Magnetic Resonance, 33, 83, 106 (1979). 

25 It is known that the relaxation times of neighboring nuclei can be affected by the use of complex para- 
magnetic salts (G.C. Levy, et al, J. Amer. Chem. Soc. jJ6, 678-68I (I974)). It has therefore been pro- 
posed to administer paramagnetic ions to living organisms in order to improve the diagnostic information 
by the localized increase in relaxivity obtainable specifically by the use of paramagnetic substances: P. 
C. Lauterbur et al, Frontiers of Biol. Energetics Vol., I, 752-759 (I978); F.H. Doyle et al, Proc. of NMR 

30 imaging Symp. held in Nashville, Tenn., U.S A, on October 26-27. 1980; JA Koutcher et al, J. of Nucle- 
ar Medicine 25:506-513 (1984). Various ions of transition metals and lanthanides are paramagnetic (F. A. 
Cotton et al., Advanced Inorganic Chemistry 1966. 634-639). 

Specifically, paramagnetic ions which have a particularly strong effect on relaxation times are, for ex- 
ample, gadolinium^*), iron<3+), manganese( 2+ ), and chromiumt 3 *); cf. G.L Wolf et al., Magnetic Reso- 

35 nance Annual J2S5 (Raven Press, New York), 231-266. 

These ions of transition metals and lanthanides are, however, too toxic for use in man: R. J. Walker, 
R. William "Haemochromatosis and Iron Overload", in: Iron In Biochemistry and Medicine; A. Jacobs, M. 
Worwood, Eds., Academic Press, London, pp. 589-613 (1974); G.G. Cotzias, "Manganese In Health and 
Disease", Physiol. Rev. 23. 503-532 (1958); P. Arvela, "Toxicity of Rare Earths", Prog. Pharmacol 2, 71- 

40 114 (1979). 

We have therefore an incentive to deal with this problem by trying to reduce the toxic effect of metal 
ions administered for diagnostic purposes by combining these ions with suitable agents: F. Hosain et al, 
Radiology 91, 1199-1203 (1968), describe, for example, complex compounds of dlethylene triaminopentace- 
tate (DTP A) of the lanthanide ytterbium. 
45 Gadolinium can also be successfully detoxified by combining it, for example, with diethylene triami- 
nopentacetic acid; but this greatly reduces the relaxivity and, therefore, the contrast-reinforcing action 
compared to free Gd^ (Welnmann et al., AJR 142:619-624 (1984). 

Another problem is that the compound is not always less toxic than the free ion: in the same paper, for 
example, Weinmann et al. report that the toxicity of the ethylene-diaminotetracetic compound (EDTA) of 
50 gadolinium is higher than that of gadolinium trichloride. 

The specific usefulness and tolerance of metallic complexes must therefore be individually investigat- 
ed in every single case. 

Weinmann reports in Physiol.Chem.Phys.Med. NMR 1984. 16, 167-172 on the pharmacokinetics of the 
gadolinium-DTPA complex which indicates that this complex is distributed in the organism both in the vas- 
55 cular space and in the considerably larger interstitium. This is a disadvantage, for example, in the imag- 
ing of blood vessels, because it requires a much larger amount of contrast medium than would be needed 
in the case of a contrast medium whose distribution is limited to the vascular space. See, in this respect, 
M. Ogan et al., "Approaches to the Chemical Synthesis of Macromoiecular NMR Imaging Contrast Me- 
dia for Perfusion-Dependent Enhancement", presented at the 71st Scientific Assembly and Annual 
60 Meeting RSNA, Chicago, Nov. 17-22, 1985. 

Media for NMR diagnosis which contain complex paramagnetic salts of the lanthanides and transition 
metals are given broad coverage in European patent EP-B 71,564. Equally extensive processes for 
NMR diagnosis by means of complexes of lanthanides are described in EP-A 135,125 (DuPont). 

Schering's European Patent No. 71 564 covers compounds of the types according to formulas I to IV: 
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HOOCCH 2 CHjCOOH 



N-(CH 2 ) 2 -N (I) 

5 y ^\ 

HOHjCCHj CHjCOOH 
N-Hydroxyethyl-N ,N • ,N ' -ethylenediaminetriacetic acid (HEDTA) 

10 HOOCH-C CH 2 COOK CH-COOH 

2 \ \ / 2 

N-(CH 2 ) 2 -N-(CH 2 ) 2 -N (II) 

15 HOOCH 2 C^ ^CH^OOH 

N,N,N' ,N",N"-Diethylenetriaminepentaacetic acid (DTPA) 

20 HOH 2 C— CH 2 N(CH 2 COOH) 2 (III) 
N-Hydroxyethyliminodiacetic acid 

R 1 CH, CH-COOH 

\ I / 2 

y, N-(CH 2 ) m -(CH 2 -N-CH 2 ) n -(CH 2 ) m -N (IV) 

HOOCCH- ^CH-COOH 
30 * * 



wherein 

m represents I to 4 
35 n represents 0 to 2 

R' represents a saturated or unsaturated hydrocarbon group with 4 to 12 hydrocarbon atoms or the 
group -CHz-COOH, or diphosphonic acids of the general formula V 

40 | 3 2 

R--C-R, (V) 
2 | 3 
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wherein ^ t , 

Ra represents hydrogen, alky! of I to 4 carbon atoms, halogen, the hydroxy-, amino- or CHz-COOH 
groups and, 

Rs represents hydrogen, alkyl of I to 4 carbon atoms, or the -CH2-COOH group, and 
the Ions of the lanthanide elements of numbers 57 to 70 or the ions of the transition metals of numbers 21 
to 29, 42 and 44, and an organic base, by which as organic base glucamine, N-methylglucamlne, N.N- 
dimethylglucamine, ethanolamine, dlethanolamine, morpholine, lysine, ornithine and arginine are con- 
cerned, optionally with the usual additives in the art, dissolved or suspended In water or physiological 
salt solution characterized in that one brings into a form for oral or Intravascular application, the para- 
55 magnetic complex salt dissolved or suspended In water or a physiological salt solution optionally with the 
usual additives in the art ... , 

Complex compounds of iron(3+) and gadolinium<3+) for the imaging of the gastrointestinal tract are de- 
scribed in EP-A 124,766. 

All agents proposed up to now for NMR diagnosis, which consist of complexes of heavy metals, are 
not very satisfactoiy with regard to their practical use in man or create more or less serious problems 
with regard to relaxivity and tolerance. Also, they frequently exhibit insufficient selectivity of the bond 
with the heavy metal, insufficient stability, and particularly, lack of selective targeting to certain organs. 

The tendency of many complexes to exchange the central metal ion for trace metals which are essential 
to the organism or for ions, for example Ca<2+), which In vivo are present in relatively large amounts (of., 
65 on this point, P.M. May, The Present Status of Chelating Agents in Medicine", in: Progress in Medical 
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Chemistry 20, 1983 (Elsevier Science Pub!.) p. 233) ultimately limits their applicability, particularly in dos- 
ages which would be desirable for NMR diagnosis. 

In the case of insufficient specific stability of the complex, trace metals of vital importance may, In 
fact, be extracted from the organism, and undesirable heavy metals, such as Gd may be deposited in 
5 their place which may remain in the organism for a long time. 

Contrast media with organ specificity for NMR contrast imaging, which contain paramagnetic complex- 
es of lanthanides, are being claimed in the published French patent application No, 2,550,449 and in EP- 
A 133,603. The solutions proposed there are, however, still limited and not optimal. 

Therefore, there exists, now as before, a demand for contrast agents for the representation of the in- 
10 dividual organs (for example, liver, bile ducts, spleen, pancreas, lymph nodes) and their respective ana- 
tomically pathological and functional changes. 

Such paramagnetic substances for effective application in man should satisfy some or all of the fol- 
lowing requirements: 

15 I. A strong effect on the relaxation times Ti and T 2 (particularly Ti); in other words, they should Induce 
a high level of relaxation which, by increasing the contrast in the image, makes it possible among other 
things to obtain relevant information in a short amount of time with obvious advantages in terms of the 
economic cost of each single examination, full utilization of equipment, etc. 

2. A high level of stability of the complex, both in solution and in the organism. This means that the com- 
20 plexing agents exhibit a high level of selectivity for the relevant paramagnetic ions as opposed to the 

physiological ions. 

3. A distribution which is specific to the organ and the tissue in the organism. 

4. An elimination kinetics which is specific to the organ and the tissue. 

25 SUMMARY OF THE INVENTION 

We have discovered compounds which meet the above-stated requirements and are particularly suit- 
ed for NMR diagnostic imaging. The compounds are made up of iron(2+), ironf 3 *), gadoliniumt 3 *), and man- 
ganese^*). They are relatively simple, well tolerated, partially endowed with organ specificity and are 
30 suitable for application in nuclear spin tomography. More specifically, the inventive compounds have 
the formula I 
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R-0-(CH 0 ) -CH-COOZ 
2 m | 



N 



Me 



(a+) 



(b-) 



,(b+) 



(I) 



wherein 
a is 2 or 3; 

b is an integer from 0 to 4; 

Me(a+) is Fe(2+>, Fe(3+>, Gd(H or Mn(*+); 

EG*) is an ion(s) of an alkali metal or alkaline earth metal, alkyi ammonium, alkanol ammonium, polyhy- 
droxyalkyl ammonium, or basic protonated amino acid, with the ions representing a total charge of b units; 
mis an integer from I to 5; ^ _^ 

R is H, alkyl with from I to 8 carbon atoms, or alkyi with from I to 8 carbon atoms wherein from I to 5 carbon 
atoms may be substituted with OH; 
is aralkyl with I to 4 aliphatic carbon atoms; 

is phenyl or phenyl substituted by halogen, hydroxyl, carboxyi, carboxamide, ester, SO3H, sulfonamide; 
lower alkyl (as used herein, lower alkyl means alkyl having I to 4 carbon atoms), or lower hydroxy alkyl, 
amino, acylamino; 

is (poly)oxa-aikyl with from I to 50 oxygen atoms and from 3 to 150 carbon atoms, where from I to 5 hydro- 
gen atoms may be substituted by OH; 

Rt is -CH2COOZ, -CH(CH 3 )COOZ, CH2CH2-N (CH 2 COOZ)2, a hydroxy arylalkyl, hydroxy pyndyla- 
Ikyl, hydroxy aryl(carboxy)alkyl or hydroxy pyridyi-(carboxy)a!kyl radical, where the aryl or pyndyl radi- 
cal may be substituted by hydroxyl, hydroxy alkyi, alkyl, halogen, carboxyi or SO3H; 
Ra is the same as R1 or 
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10 
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20 
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35 



is -CH 2 COOZ, -CH.(CH 3 )COOZ, -(CH 2 ) n "X- (CH^-N ^ 



R 3 



-CH CH-N f or -CH — -CH-N 

CH 3 CH 3 N R 3 Na a )j^ X *3 



wher© 

R 3 is -CH 2 COOZ, -CH(CH 3 )COOZ or a monovalent radical of the structure R-0-(CH2)m-CJH-COOZ; 
Xis a simple chemical bond, i.e., no intervening atom, -0-, -S-, -NH-, -lsl-CH 2 COOZ or 



-^CH(CH 3 )COOZ; 

n is the integer 2 or 3., with the proviso that when X represents a simple bond, n can be 1. 2. or 3; 
Z is hydrogen or a unit of negative charge, and -(CKfe)™- may also be -CH2-C(CH3)2-. 
The compounds of the present invention may be prepared by reacting free polyamino-polycarboxylic 
25 acids having the formula 

R-O- (CH 2 ) m -CH-COOH 

/\ 

R l *2 

where R, Ri, R 2 and m have the same meaning as in formula I, . . .^^ . 

or alkali metal, aikaiine earth metal and/or amino salts of said acids, with salts, oxides, or hydroxides ot 
iron(2+), iron(3+), gadolinlum(3+) f 0 r manganese< 2+ >, or with the basic salts of these metai ions. 

DESCRIPTION OF THE PREFERR ED EMBODIMENTS 

40 Within the scope of formula I are four groups of complex heavy metal compounds having the following 
formulas II, III, IV and V: 
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10 



15 



1. 



R-O- (CH 2 ) m -CH-COOZ 
X 

<f 2 >n 
R, -N-R, 



Me 



(a+) 



(b-) 



E 



<b+) 



20 



25 



30 



35 



2. 



R-O- C CH 2 ) m -<jB-COOZ 



N- Rl 
(CH 2>n 



Me 



(a+) 



«j H 2>n 
R-O- (CH 2 ) m -CH-COOZ 

t 

where in formulas It and III, the symbols a, b, Mete+> , E0»>, Z, R, Ri, Ra, m, n and X have the same mean- 
ing as In formula I. 



<b-) 



.<b+) 



40 



45 



50 



55 



3. 



R-O- ( CH 2 ) m -CH-COOZ 



OH 



N-T 

I 

R-O- ( CH 2 ) m -CH-COOZ 




(a+) 



B 



(b-> 



E 



(b+) 



60 where R, m, n and X have the same meaning as defined above, T represents -(Chfe)^ , -CH(COOH)- 

or-CH(COOH)CH2-. 

Q represents -CH- or =N-, 

A represents hydrogen, hydroxyl, lower hydroxy alkyl, and B represents hydrogen, lower alky!, halogen, 
carboxyl or SO3H. FeP*) is preferred as the metal ion. 
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15 



4. 



R-O- (CH 2 ) m -CH-COOZ 
CCH 2 ) n -N-(CH 2 ) n 



I 
X 

<f 2 >n 

R r N-R 3 



X 
I 

«J H 2>n 
Rl -N-R 3 



(a+) 



(b-) 



E 



(b+) 



20 I, 



25 



where a, b. Me(a+), E(M, R, Ri, Rs, m, n, X and Z have the same meaning as set forth In general formula 



The polyamino-polycarboxylic acids according to formula la, or their salts, which combine readily with 
iron, can also be caused to react directly with elemental iron to obtain the corresponding complex iron 
compound. , 

The inventive polyamino-polycarboxylic adds having formula la Include, in particular, compounds hav- 
ing the following formulas: 



30 



R-0-(CH 2 ) m -CH-COOH 
<f 2 } n 



(Ha) 



40 



R 1 -N-R 3 , 

wherein R ? Ri, R3, m, n and X have the same meaning as in general formula I, 



45 



50 



R-0-(CH 2 ) m -CH-COOH 

N-R, 
I 1 

(CH„) 
1 2 n 



(Ilia) 



55 



60 



<f 2 >n 
R-0-(CH 2 ) m -CH-COOH 
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R-O- (CH,) -CH-COOH 
i ID | 

N-T 
I 



X 

10 | 

iff 



15 



35 




(iva) 



r- — -x^r 

R-O- (CH 2 ) m -CH-COOH ><-^< f 



B 

20 wherein T represents -(CH2h. 2l -CH(COOH)- or -CH(COOH)CH 2 -, 

Q represents *CH- or =N-, A represents hydrogen, hydroxyl, lower hydroxy alkyl, and B represents hy- 
drogen, lower alkyl, halogen, carboxyl or SO3H, and 

25 R-0-(CH 2 ) m -CH-COOH 

' '~ * - (Va) 



X-(CH 2 ) n -N-(CH 2 ) n -X 



<f2>n ( f2 J n 
R JL -N-R 3 R i~ N ~ R 3 



In formulas lla, Ilia, IVa, and Va, R, R1, R$, m, n and X have the same meaning as defined above. 
Accordingly, the invention as disclosed herein includes: 



a) complex paramagnetic compounds of heavy metals having formula !, II, III, IV or V; 

b) compositions for influencing the relaxation times in NMR diagnostics, containing an effective 
amount of at least one complex paramagnetic compound having formula I, II, 111, IV or V; 

c) a procedure for the preparation of the complex heavy metal compounds having formula I, II, III, IV 
40 or V; and 

d) polyamino-polycarboxylic adds having formula la, lla, Ilia, IVa, or Va 

The polyamino-polycarboxylic acids of the present invention may be prepared by procedures which 
are well known to the expert in this art Particularly advantageous are the methods of synthesis set forth 
45 below wherein the symbols R f R1, R 2l m, n and X have the same meaning as above defined. In addition: 
CA is-COOZ, -COOalkyl, -CONH2, -CONH-R'i, -CN; 
D ishalogen (CI, Br, 1), -OSCteaikyl/aryl. -OSOaOaikyl/aryl; 

R'1 is a protected group Ri, easily transformable into -Ri by, for example, hydrolysis, hydrogenolysis, 
aikylation; 

50 R'2 is a protected group R 2 , easily transformable into -R2; 
R' is a protected group Rs, easily transformable Into -R3; 
X' is a protected group X, easily transformable into X. 

(The expression "easily transformable into" means simply that the protecting group can be easily re- 
moved by conventional means to produce the corresponding desired group.) 
55 Preparation of polyamino-polycarboxylic acids according to formula lla, in which m « 1. 

Reaction schematic A: 
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R-0 alkali* K*1-CH.-CH-CA ^ R-O-CHj-JK-CA 

2 Aal f I *1 

R-OH ♦ CH 2 «C-CA * 

Hal 



R-OH ♦ CH 2 -C-CA 



R-0-CH,-CH-CA 
2 i 



KM- protective group HN- protective group 



R-0-CK 2 -CH-a 
KH 
(CHJ n 
V 

<au n 

i Z n 



H-H-R' 



1 J 



R-0-CH 2 -CH-CA 

N-R'. 
I » 
(CH ) 
i Z n 

V 

C fVn 



R-0-CH 2 -CH-a 

_J p 

CI 
I 

HK-R* , 



R-O-CHj-CH-CA 



R-0 



•CHj-CH-COOZ 
K-R, 

X 

Rj-H-R, 



50 Compound according to formula lla (m = 1 ) 

Protective groups are, for example, acyl or phenyi-CH2-. 

Preparation of polyamino-polycarboxylic acids according to general formula lla, in which m is an inte- 
ger from I to 5: 



55 Reaction schematic B: 
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R-0-(CH 2 ) m «CH0 ♦ HCN 

I (Me 3 S1CN)< 



JWMCHJ -CH-C5N 



OH 



R-O-(CH-) -CH-C5N 



R-0-(CH,) -CH-CEN 
c in i 

NH 
I 

i 2 n 

X 
I 



\ f 



R-0-(CH,} -CH-CA 
N-R'j 

<?Vn 
R'j-N-R' 



1 



ROalkali* HaWCH^-CH-CA 
protective group -NH 

f 

R-O-(CH-) -CK-CA 
2 n i 



protective group -NH 

\ 



R-O-(CH-) -CH-CA 
Z m | 



MH 2 



\ 



R-0-(CH,) -CH-CA 

Z ID | 



H-N-R* 



1 



R-O-(CH-) -CH-COOH 

<?Vn 
X 

<CHj fl 
i 2 n 



Compound according for formula Ha 
m + 1-6 

•Method: K. Mai et a). 

Tetrahedron Letters, Vol. 25 (41), 4583-4586 (1984). 

Preparation of intermediate products by the synthesis of polyamino-polycarboxylic acids having the 
formulas lia and Ilia by means of imidazolidine and 2-imidazolidines as reagents. 

Reaction schematic C: 
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R-CMOU -CH-CA 



10 



15 



20 



25 
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35 



40 



45 




R-0-(CHJ -CH-CA 

2 IB I 




R-0-(CH,} -CH-CA 
NH 

! 6 1 
CH-R ; -' 

4k. 



R-0-(CH 2 ) m -CH-CA 
0 

♦ HN« 




♦ HN- 

0 

R-O-(CH-) -CH-CA 
l cn 

R-O-(CH-) -CH-CA 
C fl) i 




R-0-(CHj -CH-CA 



R-0-(CH 2 ) m -CH-CA 
NH 

CH-R> 
I 

CH-R/ 
t 7 
NH 

R-0-(CH 2 ) m -iH-CA 



R4 = H,alkyl oraryl; 

Rs - H, alky! or aryl; R4 + Rs also » O; 

R6/R 7 m H, aikyl, (CH3); Re + R7 also « -(CH 2 )i-s; 

Preparation of polyamino-polycarboxyiic acids having formula Ma, from intermediate products of syn- 
50 theses A, B or C: 

Reaction schematic D: 
Intermediate product prepared, for example, according to reaction schematic A. 
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R-0-(CH 2 ) m -CH-CA— 
Hal 

R^-NH + 
CH- 

r, 2 

I 

f 2 

R'j-NH + 



Hal 

.) -<[h-ca— 



R-O- (CH 2 ) m -CH-CA R-O- (CHj ) m -CH-COO: 

T 



J-RV 



.N-R, 



<fa>n 
X' — 

I 

21 
N-R' 



(An 2 ) n 
». x . 

(CH 2 ) n 

N-R, 
I 

R-0-(CH 2 ) -CH-COOl 



R-O-(CH-) -CH-CA 
z m 



R-0-(CH 2 ) m - 

Compound according to formula Ilia. 
Reaction schematic E: 
Intermediate product prepared, for example, according to reaction schematic A or B. 



RK>((^) m -CH-av 

H-N-R* , 



X' 
D 



RrO-(CH 2 ) m -Oi-CA — ' 



RH>(CH 2 ) m -ai-CA 
N-R\ 



R-O- 



m 



I 

X' - 



«=2>n 
N-R', 



-CH-O00H 

«f2>n 
X 

N-R, 



R-0-(CH 2 ) m -C3i-CA R-O(CH 2 ) in -CH-00CH 



Compound according to formula Ilia. 

Preparation of polyamino-polycarboxylic acids according to general formula IVa wherein T « Ote. 
55 Reaction schematic F: 
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20 



R-O-KHJ -CK-CA 

o 
♦ 

H 2 H-CH 2 



R-O-(CH-) -CH-CA 



O-protective group 




B 

Protective group ■ e.g. 
acetyl Ph-CH 2 - 




0* protective group 
A 



0-protective group 
R-O-tCH^-CH-CA I 



25 



30 



35 



40 



R-0-(CHj -CH-C00H 
Z rn | 

K-CH 2 

Wn 
5 8 

H-CH. 
I 2 
R-0-(CH 2 ) -CK-C00H 



4 0-(CH 2 ) n -X'-(CH 2 ) n -0 

♦ Elimination of the protective 
groups and possible conversion 
of -CA to -COOH. 

OH 




OH 




45 



Compound according to formula IVa wherein T=CH2. 
50 intermediate product prepared according to reaction schematic C or D. 
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R-O-(CH-) -CH-CA 
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Elimination of the protective 
groups and conversion of -CA to 
-COOH . 



Compound according to formula IVa wherein T=CH2. 
Reaction schematic H: 

Preparation of polyamino-polycarboxylic acids according to formula Va, wherein -(CH2)m- may also 
be-CH 2 -C(CH 3 )2-. 
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^N-(CH 2 ) n .X-(CH 2 ) n ^(CH 2 ) n .X-(CH 2 ) n .N N 



The paramagnetic compounds of iron(2+), iron(3+>, gadolinium^) and manganese^*) in accordance 
with the invention, meet the requirements for substances which enhance the contrast in nuclear spin tom- 
ography images and these compounds have a broad field of application. 

The salts, which are generally water soluble, and are based on organic and inorganic compounds, can 
be administered Intravasculariy, for example, intravenously, intra-arterially, intracoronariiy, Intrathe- 
cally, intraperitoneal^, intralymphatically, intracavitary and intraparenchymally. Both the soluble and 
the less soluble compounds are suitable for oral or enteral administration, and are therefore particularly 
suitable for imaging of the gastro-intestinal tract Solutions or suspensions of complex salts may also be 
produced in aerosol form and can thus be used for aerosol bronchography. 

Particularly important are the complex FeP+) compounds according to formula IV, which are distin- 
guished by their excellent stability, good solubility and tolerabilrty. 

Certain complex compounds according to the Invention have a particularly surpnsing organ specifici- 
ty as they become concentrated, specifically in the liver, bile duct, or, after intralymphatic, intaparen- 
chymal, intramuscular or subcutaneous administration, in the lymphatic vessels or the lymph nodes. This 
permits the contrast imaging of these organs. 

The following examples illustrate the Invention: 

Preparation of the free polvamlno-oolvcarfaoxYlic acid? 
EXAMPLE I 

3-Phenylmethoxy-2-N-[2-[2-^^ 
propionic acid 

Formula Ha: R - Ph-CH 2 ; m = l;Ri - Ra - -CH 2 COOH; n = 2; X - O 
A) Hydrochloride of 3i>henyImethoxy-2-N-[2-(2-am^^ acid, 
73.9 g of bIs-2-amino-ethyl ether in I25 ml of water is reacted at 40-60°C with 3-phenylmethoxy-2- 
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chloropropionic acid. The excess bis-2-amino-ethyl ether is separated as a hydrochloride. The raw prod- 
uct is purified by means of chromatography and finally recrystallized from ethanol. The above-captioned 
compound thus obtained melts at 2I0°C. Analysis: CK-) calculated II.I2%; measured U.I5%. 

5 B)3-PhenyJmetho;ty-2-N-[2^2-(^N'-bis-cato 
aminopropionic acid: 

20.3 g of compound A in 60 mi of a 2N aqueous solution of sodium hydroxide is reacted with 62.5 g of 
bromo acetic acid at approximately 50°C for 10-20 hours, the pH of the reaction solution being maintained 
10 at 10 by addition of 2N sodium hydroxide. This carboxymethylation reaction is repeated with another I2.5 g 
of bromo acetic acid and 2N NaOH. The raw product is purified by means of chromatography and recrys- 
tailization. 

The compound shown in the caption forms a dihydrate which sinters at 82°C and melts at I34°C. It is 
very soluble in boiling water, methanol and diluted alkali, and on the contrary, not very soluble in most or- 
15 ganic solvents. 

EXAMPLE 2 

3-Phenylmethoxy-2-N-[2-N\N'-bis-(<^ acid 
20 Formula Ha: R = Ph-CH 2 ; m » I; Ri - R3 « -CH2COOH; n » I; X - - 

A) Hydrochloride of 3-phenylmethoxy-2-N-(2-aminoethyl)-aminopropionic acid: 

130 g of 3-phenylmethoxy-2-chloropropionic acid is reacted In I liter of water at 50°0 with 500 ml of eth- 
25 ylene diamine for approximately 20 hours. The product shown in the caption is precipitated by bringing 
the pH to 3. 
Melting point: 226°C. 

B) 3-Phenylmethoxy-2-N-[2-^N'-bisKcarboxymethy^ 
aminopropionic acid: 

30 

68.5 g of compound A is reacted with 209 g of bromo acetic acid in the presence of 2N aqueous sodium 
hydroxide at 50°C and a pH of 9.5 - 10. The compound shown in the caption thus prepared is precipitated 
by acidification to pH I.7. 
Melting point: 179-I80°C. 

EXAMPLE 3 

3-Hydroxy-2-N-[2-N\N'-bis-(carboxym 

Formula Ha: R = H; m » I; R1 « R3 = -CH2COOH; n = I; X » - 

40 

20.65 g (0.05 mol) of 3-phenylmethoxy-2-N-[2-NSN'-bis-(«utoxymethyi)-aminoethyl]-N- 
(carboxymethyl)-aminopropionic acid in 200 ml of IN NaOH and I50 ml of water is completely hydrogenat- 
ed in the presence of 38 g of palladium-carbon catalyst (5% Pd). After filtering out the catalyst and 
evaporating until dry, the tetrasodium salt of the compound shown in the caption is obtained. Melting 
45 point: 205°C. 

EXAMPLE 4 

3-Phenylmethoxy-2-N-{2 / -N / -[2*-N* l N*-bis-(carboxymethyO-aminoethyO^ 
50 thyQ-N-(carboxymethyl)-aminopropionic acid 

Formula Ha: R = Ph-CH^; m = I; Ri - R3 - -CH2COOH; n - 2; 



X =• N N-CH-COOH 
^ 2 



A) 3-Phenytmethoxy-2-[2'-(2*^inoethyl)-aminoethyl]-amlnopropionic acid: 

60 42.9 g of 3-phenylmethoxy-2-chloropropionic acid (0.2 mol) is dripped under agitation into a solution of 
206 g of diethylene triamme (2 mol) in 400 ml of water. The reaction mixture Is agitated for 40 hours at 
50°C and then percolated through a column of strongly basic anion exchange resin. The excess amine is 
eliminated by washing with water. 
The product is eiuted from the resin with diluted IN hydrochloric acid. The resulting solution of the tri- 
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hydrochloride of 3-phenylmethoxy-2-[2M2*-aminoethyl)-ajnm^^ acid in hydrochlo- 

ric acid is evaporated until dry, the residue is recovered in anhydrous ethanol and the crystallized prod- 
uct Is filtered. 

The product obtained is 62.2 g of trihydrochloride of 3-phenyimethoxy-2-[2 , -(2*-aminoethyl)-aminoe- 
5 thylj-aminopropionic acid (79.6% of the theoretical amount) with a melting point of I65°C. 

B) 3-Phenylmethoxy-2-N-{2 / -N'-[2^ 
aminoethy!]-N'-(carboxymethyi)-aminopropionicacid: 

10 A solution at 60°C of IIS g of bromo acetic acid In 4I3 ml of 2N aqueous sodium hydroxide is added un- 
der agitation over a period of about 30 minutes to a solution of 50 g of trihydrochloride of 3-phenyImeth- 
oxy^^-f^-aminoethylj-aminoethyll-aminopropionic acid in 255 ml of 2N aqueous sodium hydroxide. 
The pH of the reaction solution is maintained at between 9.8 and I02 by adding 2N aqueous sodium hy- 
droxide. After about 8 hours, the carboxymethylation is complete. The reaction solution is percolated 

15 through a column of strongly acidic cation exchange resin and then rinsed with water. The product is elut- 
ed from the resin with 2N aqueous ammonium hydroxide. The solution thus obtained is evaporated until 
dry, and the evaporation residue is dissolved in water and brought to a pH of 1.7 with concentrated hy- 
drochloric acid. The compound shown in the caption is slowly crystallized as a monohydrate. 
Melting point: l!8°C. Analysis after drying 

20 C22H 3 iN30ii:caIculated: C 51.45%; H 6.09%, N 8.18%; 
measured:C 51.28%; H 6.12%; N 8.13%. 

The compound is easily soluble in hot water and ethanol and very easily soluble in alkali, amines and 
aqueous amino alcohols. 

25 EXAMPLE 5 

3-Hydroxy-2-N-[2'-N'-[2*-^ 

(carboxymethyl)-aminopropionic acid 

Formula lla: R - H-; m = I; Ri = R3 - -CH 2 COOH; n - 2; 

30 

X » N N-CH o C00H 



35 26.6 g (0.05 mol) of S-phenylmethoxy^-N-^-N'-^-N* N*-bis-(carboxymethyl)-aminoethyl]-N'- 
(carboxymethyl)-aminoethyl]-N-(c^rboxymethyl)-aminopropionic monohydrate acid in 250 ml of IN sodium 
hydroxide and 200 ml of water is completely hydrogenated in the presence of 20 g of palladium-carbon 
catalyst (5% Pd). After filtering out the catalyst and evaporating until dry, the pentasodium salt of the 
compound shown in the caption is obtained. Melting point: 200°C with decomposition. 

40 

EXAMPLE 6 

3-ivo<rtyloxy-2-N-[2-^NM)is(carboxym acid 
Formula lla: R - CH$-(CH 2 )7-; m « I; Ri = R3 = -CH 2 COOH; n - 1, X = - 

45 

A) 3-n-octyloxy-2-chloropropionrc acid: 

15.2 g of metallic sodium is dissolved in 450 g of n-octanol by heating to 60°C. The sodium octylate so- 
lution thus obtained is reacted at about 50°C with 94 g of 2,3-dichloromethyl propionate. Processing is 
50 started after 10 hours. The methyl ester of 3-n-octyloxy-2-chloropropionic acid thus obtained boils at 115- 
II7°C and 0.1 mbar. It is then saponified by heating with methanolic sodium hydroxide, thereby obtaining 
the compound shown in the caption. 

B) Chloride of 3-n-octyloxy-2-N-(2-aminoethyl)-aminopropionic acid: 

55 39 g of ethylene diamine is reacted over a period of 100 hours with 11.8 g of 3-n-octyloxy-2-chloropropi- 
onic acid in 150 ml of water at 40-60°C. The excess ethylene diamine is separated as an hydrochloride. 
The compound shown in the caption is isolated as a hydrochloride. Melting point: 187°C. 

C) 3-n-octyloxy-2-N-[2-^N'-bis(^ acid: 

60 

6 g of compound B) in a solution of aqueous sodium hydroxide is reacted with 17 g of bromo acetic acid 
at 50°C with the pH of the reaction solution being maintained at 9.5-10.3 by the addition of 2N sodium hy- 
droxide. The solution shown in the caption thus obtained is slightly soluble in water, although easily solu- 
ble in aqueous alkali. Melting point: 2I5°C. 
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EXAMPLE 7 

3-memoxy-2-N-[2-(iy f ^bis-(carbo^ 

Formula Ha: R = CH 3 -; m - 1; Ri - R3 « -CH2COOH; n » I; X - - 

5 

A) Hydrochloride of 3-methoxy-2-[2-aminoethyl)-aminopropionic acid: 

120 g of 3-methoxy-2-chloropropionic acid is reacted for approximately 20 hours in water at 50°C, with 
500 ml of ethylene diamine. The product shown in the caption is crystallized by acidification with hydro- 
10 chloric acid. Meiting point: 220°C. 

B) 3-methoxy-2-N-[2-^^bis-(cato 

60 g of compound A is reacted with 220 g of bromo acetic acid in the presence of 2N aqueous sodium 
hydroxide at 50°C and a pH of 9.5-I0. The compound shown in the caption is precipitated by acidification 
15 at pH I.7. Melting point: I95°C. 

EXAMPLE 8 

20 (carboxymethyl)-aminopropionic acid: 

Formula lla: R = CH3-; m » I; R1 - R3 - -CH 2 COOH; n » 2; 



X - ^ N-CH--COOH 

25 * 

A) 3-methoxy-2-(2 / -(2*-aminoethyi)-aminoethyi]-aminopropionic acid: 

This compound is obtained by reaction of 3-methoxy-2-chloropropionic acid with a large excess of tri- 
30 ethylene triamine at 50°C. 

B) a-methoxy^-N-^-N'-^-^N*^ 
N-(carboxymethyl)-aminopropionic acid: 

This compound is obtained by reacting compound A with bromo acetic acid in the presence of 2N aque- 
35 ous sodium hydroxide at a pH of (0. Melting point: I25°C. 

EXAMPLE 9 

3-(2 l 3-dihydroxypropoxy)-2-N-[2 / -N12*-N* ( N*-bis-(carboxyme% 
40 (carboxymethyl)aminoethyl]-N-(carboxymethyl)-aminopropionic acid: 

Formula lla: R « HOCH 2 CH(OH)-CH2-; m = I; R1 « R3 = -CH 2 COOH; n « 2; 

45 ^ 2 

A) 3-(2,3-dihydroxypropoxy)-2-chloropropionic acid: 

4-hydroxymethyl-2,2-dimethyH f 3-dioxolane is reacted with 2,3-dichioropropionic add to 3-(2 f 2-dime- 
50 thyM I 3-dioxanyl-(4)-methoxy)-2-chloropropionic acid. By treatment with hydrochloric acid, the protec- 
tive group is removed and the compound shown in the caption is released. 

B) 3-(2 t 3^ihydroxypropoxy)-2-N-[2'-(2'-aminoethyl)-aminoethyl>aminopropio acid: 

55 This compound is obtained by the reaction of 3-{2,3-dihydroxypropoxy)-2-chloropropionic acid with a 
large excess of diethylene triamine at 50°C. 

C) 3-(2,3-dihydroxypropoxy)-2-N-[2'-N'-[2'-N* 1 N* bls-fcarboxymethyO-aminoethyih^- 
(carboxymethyl)^inoethy^N-(carboxymethyl)-aminopropioni acid: 

60 

This compound is obtained by having compound A react with bromo acetic add in the presence of 2N 
sodium hydroxide at pH 10. Meiting point I40«C. 



65 
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EXAMPLE IP 

S-Phenoxy-Z-N-^-N'-P'-N^^ 

(carboxymethyl)-aminopropionic acid 

Formula lla: R - phenyl; m « I; Ri = R3 = -CH2COOH; n - 2; 

N-CH 2 -COOH 

A) 3-(phenoxy-2-N-[2'-(2*-aminoethyl)]-aminopropionic acid is obtained in a manner similar to Example 
4A by means of a reaction of 3-phenoxy-2-chloropropionlc acid with an excess of diethylene triamine. 

B) Compound A) is transformed into the compound shown in the caption at pH 10 with an excess of bro- 
mo acetic acid. 

Melting point: I75°C. 

EXAMPLE n 

3-(3,6,9-trioxadecyloxy)-2-N-^^ 

aminoethyl]-N-(carboxymethyi)-aminopropionicacid 

Formula lla: R - CH3(OCH 2 CH 2 )3-; m ■ I; Ri ■ R3 = -CH2COOH; n = 2; 

X « ^ N-CH 2 -COOH 

A) 2,3-dichloropropIonic acid is transformed into 3-(3,6,9-trioxadecyloxy)-2-chloropropionic acid with 
the sodium compound of 3,6,9-trioxadecane-l-ol. 

B) 3-(3 l 6,9-trioxadecyloxy)-2-N-[2 / -(2'-aminoethyl)-aminoe%0^ni |no P ro P jOT acid IS obtained from 
compound A by reaction with an excess of diethylene triamine, similar to Example 4A. 

C) Compound B is completely carboxymethylated according to the method of Example 4B and the com- 
pound shown in the caption is obtained. Melting point 95°C. 

EXAMPLES 

N,N'-bis-(2-phenylmethoxyH-carto^^ diamine 
Formula Ilia: R - Ph-CH 2 -; m = I; R1 = -CH2COOH; n = l;X = - 

A) N,N'-bis-(2-phenylmethoxy)-l-carboxy-l-ethyl)-ethylene diamine: 

I0.7 g of 3-phenylmethoxy-2-chloropropionic acid and 4L2 g of the hydrochloride of 3-phenyimethoxy- 
2-(2-aminoethyl)-aminopropionic acid (Example 2A) are reacted in the presence of 2N aqueous sodium 
hydroxide at 50°C and pH 10. The compound shown in the caption is precipitated by acidification at a pH 
of 6. Melting point 2I0°C. . . 

The same compound can also be obtained by the reaction of 3-phenyimethoxy-2-chioropropionic acid 
with ethylene diamine or by the reaction of 3-phenylmethoxy-2-aminopropionic acid with 1,2-dibromo 
ethane. 

B) N,N'-bM2-phenylmethoxy-l-carto^ diamine: 

13.5 g of compound A) is reacted with 19.2 g of bromo acetic acid in the presence of 2N sodium hydrox- 
ide at 50°C and a pH of 9.5 - 10. The compound shown in the caption is isolated by means of acidification 
and purified by recrystallizaiion from ethanol. Melting point: I77°C. 

EXAMPLE 13 

N,N'^is-(2-hydroxyH-carboxy-l-e^^ diamine 
Formula Ilia: R = H; m « I; R1 - -CHgCOOH; n « I; X =* - 

26 63 g (0.05 mol) of N,N'-bls-(2i3henylmethoxy-k»^ 
ene diamine in 200 ml of IN sodium hydroxide and ISO ml water is completely hydrogenated in the presence 
of 38 g palladium-carbon catalyst (Pd 5%). After the catalyst has been filtered out and the compound 
has been evaporated until dry, the tetrasodium salt of the compound shown in the caption is obtained. 
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EXAMPLE 14 

N.N'-bis-^-methoxy-I-c^ diamine 
Formula Ilia: R = CH 3 -; m = I; Ri - -CHaCOOH; n = I; X = - 

5 

A) N,N'-bis-(2-methoxy-l-carboxy-l-ethyl)-ethylene diamine: 

A solution of 59.5 g of 3-methoxy-2-aminoproplonic acid (0.5 moi) and 42 g of sodium bicarbonate (0.5 
moi) in 500 mi of water is treated for 3 hours with 47 g of l,2-dibromo ethane (0.25 mol) in 400 ml of etha- 

10 nol. Simultaneously, the hydrobromic acid which is released is continually neutralized by adding an aque- 
ous solution of 42 g of sodium bicarbonate (0.5 mol) in 500 ml of water. The solution resulting from the re- 
action is agitated again for 6-8 hours at 90-95°C and then completely evaporated; the evaporation resi- 
due is dissolved in water and the pH of the solution is adjusted to 4.I; the compound shown in the caption 
(I4A) is crystallized in this manner. 

15 CioHaoNaOe calculatedrC 45.45%; H 7.63%; N 10.60% 
measured:C 45.13%; H 7.64%; N 10.54%. 
Melting point: 240°C with decomposition. 
The NMR spectra agree with the structure indicated by the formula. 

20 B) N l N'-bis-(2-methoxy-l-carboxy-l-ethyl)-N,N'-bls-(carboxymemyl)^thylene diamine: 

15 g of compound A is reacted at 50°C with 30 g of bromo acetic acid at pH 10, maintained by continually 
adding 2N sodium hydroxide solution. The compound shown in the caption is isolated by acidification and 
purified by recrystalllzation from aqueous methanol and ethanol. Melting point 2I5°C. 

25 

EXAMPLE 15 

N t N / -bis-(2-(2-phenylemoxy)-l-carboxy-l-ethyl)-N,N'-bis-(caitoxymemyl)-e%te diamine 
Formula Ilia: R = PhCH 2 CH 2 -; m - 1; Rt -CH 2 COOH; n = I; X - - 

30 

This compound is obtained from 3-(2-phenylethoxy)-2-hydroxypropionic acid through 3-(2-phe- 
ny!ethoxy)-2-(4-toluenesulfonyioxy)-propionic acid, 3-(2-phenyJethoxy)-2-aminopropionic acid, 3-(2- 
phenylethoxy)-2-(2-aminoethyl)-aminopropionic acid, and N,N'-bis-(2-(2-phenylethoxy)-l-carboxy-l- 
ethyi)-ethy lene diamine, in a similar manner as in Examples IA, 2A, I2A and I2B. Melting point: 2I0°C. 

35 

EXAMPLE; |g 

N,N'-bis-(2-hydroxy-l-<^rboxy-l-ethyl)-N,N'-bis-(2-hydroxyphenyimethyl)-ethylene diamine 
Formula IVa:R-H;m-l;n = l;X--;T = -CH2-;A = B = H;Q»-CH= 

40 

A) N,NM)is-(2-phenylmethoxy-k»ri30xy-l-e^ 
ethylene diamine: 

N f N'-bis-(2-phenylmethoxy-l-carboxy-l-ethyl)-ethylene diamine, prepared according to Example 2A, 
45 is reacted in ethanol in the presence of 2N NaOH at a pH of approximately 10 and at 40-80*0 with 2- 
(phenylmethoxy)-phenyl-methyl chloride. 

B) N,N'«bis-(2-hydroxy-l-<»rbo^^ diamine: 

50 This compound is obtained by catalytic hydrogenation of A in a manner similar to that of Example 13. 
EXAMPLE 17 

N,N'-bis-(2-methoxy-k»rb^ diamine 
55 FormulalVa:R ss CH 3 ;m = l;n«l;T = -CH2;A-B = H;Q»-CH as ;X»- 

Into a hot solution at 40«C of 26.4 g of N,N'-bis-(2-methoxy-l-carboxy-l-ethyi)-ethylene diamine (0.1 
mol) in 95 ml of ethanol and 100 ml of 2N aqueous sodium hydroxide a solution of 49.5 g of 2-acetoxy-phe- 
nylmethyl bromide (0.216 mol) in 195 ml of ethanol is dripped for about 2 hours, adjusting the pH, and 211 ml 
60 of 2N aqueous sodium hydroxide is dripped for about 9 hours. The pH is maintained between 9.8 and 10 by 
controlling the addition of NaOH. 

Then the product is extracted with ethyl ether, the pH is adjusted to 8 by adding hydrochloric acid, and 
the product is extracted again with ethyl ether. The aqueous phase is evaporated to an oil. The residue is 
placed in water and acidified with hydrochloric acid. The precipitated raw product is dissolved in diluted 
65 sodium hydroxide; the solution is adjusted to a pH of 5 and purified by fractionation on an adsorbent 
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made of a polymerized acrylic ester base. The compound shown in the caption, which is precipitated by 
acidification with hydrochloric acid at a pH of I.8, melts at approximately I40°C. 
C24H32N2O8 caiculated:C 60.49%; H 6.77%; N 5.88%; 
measuredrC 60.61%; H 6.47%; N 5.87%. 
5 The NMR spectra agree with the structure indicated. 

EXAMPLE i8 

N,N'-bis-(2-hydroxy-lK»rboxy-l-ethyO^^ diamine 
10 Formula iVa: R = H; m = i;n = I; X = -;T = -CH2-; A = B = H; Q = -CH= 

A mixture of 4.7 g N.N'-bis-^-methoxy-k^oxy-l^ 
enediamine (Example 17), 16 g trimethyl sityl iodide (0.08 mol), 6.32 g pyridine (0.08 mol) in iO mi of chloro- 
form is stirred at room temperature overnight, under nitrogen. The reaction mixture is filtered and the 
15 solvent evaporated in vacuo. The residue is poured in water giving a solid that after purification by 
chromatography furnishes N,N'-bis-(2-hydroxy-l-caiboxy4*^^ 
ethylene diamine. 

EXAMPLE 19 

20 

N.N'-bis-^e^.te-tetraoxa-l-carboxy-l^ diamine 
Formula IVa: R - CH 3 (OCH 2 CH 2 )3-; m - 1; T = -CH 2 -; n = l;X = -;A=B = H;Q = -CH- 

A) S-^.e^-trioxadec^loxy^-aminopropionic acid 

25 

This product is obtained with a melting point of I84-I85°C and a yield of 70% by treatment of 3-(3,6,9- 
trioxadecyloxy)-2-chloropropionic acid (Ex. IIA) with 25% ammonia (I mol/3.5 mol) at II5°C for two hours 
and removal of the salts by passage through an ion exchange resin column. 

30 B) N,N'-bis-(3,6 J 9,l2-tetraoxa-l-carboxy-l-tridecyl)-ethylene diamine 

3.2 g (!7 mmol) of l.2-dibromo ethane in 27 ml of ethanol and 2.85 g of sodium bicarbonate in 30 ml of wa- 
ter are dripped simultaneously into a solution of 8.5 g (34 mmoi) of product I9A) and 2.85 g (34 mmol) of 
sodium bicarbonate in 35 ml of water, agitated at 90°C. After maintaining the mixture at 90°C for 2 hours, 
35 the ethanol is removed and the remaining solution is passed through an acidic-type cation exchange res- 
in. The title compound is eiuated by aqueous ammonia. The eluate obtained produces by concentration 
and crystallization from ethanol N,N'-bls-(3,6,9,l2-tetraoxa-l-carboxy-l-tridecyl)-ethylene diamine with 
a melting point of I92°C. 

40 C) The product of Example I9B) is treated with 2-acetoxyphenylmethyl bromide in the same manner as 
described in Example 17, to obtain N,N'-bis-(3,6,9,l2-tetraoxa-ka^ 
droxy-phenylmethyl)-ethylene diamine. Melting point \9Q°C. 

EXAMPLE 3Q 

45 

4-methoxy-3,3-dimethyl-2-N-(2-^^ 
icacid 

Formula Ha: R = CH3-; -(CH 2 ) m - - -CH 2 C(CH 3 )2-; R1 - Ra ~ -CH 2 COOH; n-l;X»- 

50 A) 4-methoxy-3,3Klimethyl-2-N-(2-aminoethyi)-aminobutyric acid 

From 3-hydroxy-2,2-dimethyl propionaldehyde. 4-methoxy-3,3-dimethyl-2-aminobutyric acid is pre- 
pared by the conventional method. From the latter, by reaction with an excess of chloro acetonitrile in 
dimethyl acetamide, 4-methoxy-3,3-dimethyl-2-N-(cyanomethyl)-aminobutyric acid is obtained. By hydro- 
55 genation in the presence of a palladium-carbon catalyst and in the presence of ammonia, 4-methoxy-3,3- 
dimethyl-2-N-(2-aminoethyl)-aminobutyric acid is obtained. 

B) 4-methoxy-3,3-dimethyW-N-[2'^ 
aminobutyric acid 

60 

The product of Example 20A is completely carboxymethyiated with bromo acetic acid and the compound 
shown in the caption is thus obtained Melting point: I55°C. 



65 
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EXAMPLE 21 

3^8thoxy-2-N l N-bis^2-N',N , -bis-(carboxymethyl)-anu add 
Formula Va: R « CH 3 -; m = l; n = l;X = -; R1-R3- -CH2COOH 

5 

A) 3-methoxy-2-bromo-propiontoile (0.I mol) is reacted in dimethyl acetamlde (DMA), at 100-I25°C and 
in the presence of potassium carbonate with 0.I3 mol of bis-(2-acetytarninoethyi) amine. The 3-methoxy-2- 
N,N-bis-(2-acetylaminoethyl)-aminopropionitrile obtained is saponified in ethanoilc sodium hydroxide, 
with the ethanol being gradually distilled and substituted step by step by water. 3-methoxy-2-N,N-bis-(2- 

10 aminoethyl)-aminopropionic acid is thus obtained. 

B) a-methoxy-2-N ( N-bis-(2-aminoethyl)-aminopropionic acid is subjected to complete carboxymethyla- 
tion with an excess of bromo acetic acid and in the presence of sodium hydroxide at a pH of approximate- 
ly 10. The compound shown in the caption is thus formed. Melting point I70°C. 

15 EXAMPLE 33 

4-memoxy-3,3^imemyi-2-N,N-bis-[2-^N^ 

Formula Va: R *= CH3-; -(CH 2 )m- * -CH2-C(CH 3 )2S n « I; X - R1 » Ra - -CH2COOH; 

20 A) 4-methoxy-3,3-dimethyl-2-hydroxy butyric acid is prepared by conventional methods from 3-hy- 
droxy-2,2-dimethyl-propionaldehyde and from that compound the ethyl ester of 4-methoxy-3,3-dlmethyi- 
2-bromo-butyric acid is obtained. 

B) The ethyl ester of 4-methoxy-3,3-dimethyl-2-bromo-butyric acid (O.l mol) is reacted in anhydrous 
dimethyl acetamide, at I00-I25°C and in the presence of potassium carbonate, with 0.I3 mol of bis-[2-N,N- 

25 bis-(ethoxycarbonylmethyl)-aminoethyl]-amine. The ethyl ester of ^methoxy-S.S-dimethyW-N.N-bis-p- 
N'.N'-bls-tethoxycarbonylmethylJ-aminoethyil-aminobutyric acid is saponified by healing in ethanoiic so- 
dium hydroxide, and the compound shown in the caption is obtained. 
Melting point: 175°C. 

30 In a similar manner, the polyamino-poiycarboxyiic acids listed in the following tables are obtained. 



22 



EP 0230 893 B1 



Polyamino-polycarboxylic acids according to formula Ha: 



No. 


R 




*3 


m 


n 


X 


1 






-CHjOOCH 


1 


5 


^ W~ifly A,Ain 


2 








1 


•> 

2 


^N-GLjCOCH 


3 






-CHgOOCH 


1 






4 








1 




— frm ph ) -0— 


c 
D 






-CHjCOCB 


2 


2 


— M-rw rOQH 


D 






-CH^COCH 


1 


1 




•7 






-CH(CH 3 )CXXSi 1 


1 


mm 


8 


Ph-QL- 


-CH(CH 3 )00CH 


-CHCOtyCOCH 1 


2 


S 


9 


Phenyl- (=Ph-) 


-CHjCOCH 


-CHjOOCH 


1 


1 




10 


4-H00C-Ph- 


-CHjCOOH 


-o^ooch 


1 


2 


^N-CHjOOCH 


11 




-CHjCOCH 




1 


1 




12 




-CHjCOCH 


-CHjOOCH 


2 


1 


mm 


13 


EOCfi 2 C(CH 2 CH) 2 CH 2 - 


-OijCOCH 




2 


1 


mm 


14 


HCOC^CH-C^)^ 


-o^cooh 


-CHjOOCH 


2 


1 





OH 

15 HDCH 2 (CHCH) 4 CH 2 - -C^CCCH -CHjCOCH 1 2 ^N-O^COCH 

16 BOCH^aoOjOij- -o^ooch -a^oocB 2 2 ^-N-a^axH 

17 ^(OCHjO^)^ -O^COCH -CHjCCCH ) X 2 ^.N-O^OOCH 



) 1 --(CH 2 ) m .-a i2 -(c3i3) 2 - 
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Polyamino-polycarboxylic acids according to formula Ilia 

No. R m n X 

1 CjHg- -CHjCXXH 2 2 S 

2 (CH 3 ) 2 CH- -O^OOOH 1 2 ^N-C^COOH 

3 Ph-C^- -Cf^COOH J 1 2 O 

4 H(OCB 2 CH 2 ) 8 - -O^COCH J 1 2 0 

5 (^(OCt^Oi^- -CHjCOCH J 1 1 - 

6 H(OCH 2 CH 2 ) 2 - -CHjOOOH 11- 

7 HCOCH^- -O^COOH 1 2 -NH^CCGH 

8 hccx^ol^- -cHjOoqh i i - 

9 H(OCH 2 CH 2 )^ :L1 - -CHjCOCH 2 2 ^TN-O^COOH 

10 H0CH2 (choh) 4 ai2- -a^coce 11- 

11 HOCH^CHOH)^- -O^COCH 2 2 ^N^COOH 



) 1 --(CH 2 ) m «-CH 2 -<:(CH3) 2 - 
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Polyamino-carboxylic acids according to formula IVa 
No. R T Position Q A B 











Of -OH 












5 


1 


H 




2 




30H- H 


i 


T 

X 






2 


H 




2 


-CH= 


ova* rl 


1 

4. 


1 




10 


3 


H 




2 


-Qt= 


u «; unco * 
n o nLo^2 


1 


1 






4 


BXHjOKaflCHj- 




4 


-CH* 


H H 


1 


1 




15 


5 


Q1 3 OCH 2 ai 2" 




2 


-CH= 


H H 




J. 






6 


CH 3 (OCH 2 CH 2 ) 4 - 




3 


-CH= 


H 


1 






20 


7 


C&jO-ffljfflj- 




2 


-CH= 


3 OH- H 


1 


1 






8 


a^ocs^- 


-CH(COOH)- 


2 




H H 


2 


2 


0 


25 


9 


CHjCX^CHj- 


COOH 


2 




4 CI- H 


1 


1 






















30 


10 




4-CH2- 


3 




2 CH 3 - 5 HOO^- 


1 


1 






11 


c^oa^a^- 


4-CH2- 


3 




2 OLj- 5 HOO^- 


2 


2 


0 




12 


CH 3 (OCH 2 ai 2 ) 3- 


4-0^- 


3 




2 CH 3 - 5 HOO^- 


2 


2 


0 


35 


13 






2 


-CB= 


4 H00C- H 


1 


2 


0 



40 Polyaraino-carboxylic acids according to formula IVa T = -CH 2 - 



NO. 


R 


Position Q 
of -OH 


A 


B m 


14 




2 


-CB» 


H 


H 




15 


HtOCHjCHj)^ 


2 


-CH» 


H 


H 


-CHjCCCHjJj- 


16 


HCJCHjCHCOHJCHj- 


2 




H 


H 


- aj 2 C(ai 3 ) 2- 


17 


<*3- 


2 




5-CH 3 0- 


H 




18 


H- 


5 


3-8» 


4-CH 3 


e-CHjOH -cHjCCaj^j- 


19 


pn-OL,- 


5 


3-N= 


4-CH 3 


e-CHjOH 


• CK 2 C<CH 3 ) 2- 



60 



25 



EP0230 893 B1 

Polyamino-polycarboxylic acids according to formula Ha 

No. R ^ R3 -(CH^-X-tCH^- 
1 PK3L,- -OLjOOOH -CHjCOOH -CH CH- 



m 



CH 3 (OO^CH^g- -OLXOCH -O^CCCfl 
CH 3 - -OljCXXM -CHjOOGH 



I I 
C*3 CH 3 

-CH CH- J 1 

\ / 
t«2>4 

-CH CH- 1 

I I 
CH3 CH3 



4 DBGL- -CHjOCCH -CHjCCCH -CH CH- 1 

DEGL = 1 deoxy-l-glucityl- C^ CHj 

J 1 : (CH^-^-CtCH^- 

Polyamino-carboxylic acids according to formula Ilia 

No. R -^n^'^n" m 



Q^- -CHjCCCH 



-CH CH- 

I 1 
CH 3 CH3 

2 CH 3 - -CHjCCCH -CH CH- 

3 CH3- -CHjCOCH % / 

«*2>4 

4 Ph- -O^CCCH -ch -a 



-CH CH- J 1 



5 CH-^OO^CH^- -a^CCCH -CH CH- I 1 



J 1 -(CH 2 ) m = ^-C^- 



(CHj), 
I 

ch 3 ai 3 
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Polyamino-carboxylic acids according to formula Va 



No. 


. R 


± 


*3 


m 


n X 


1 


Ph- 


-CEjOOOH 


-CHjCOCH 


2 


2 ^N-OL,OOCH 


2 


Ph- 


-O^OOCH 


-CHjCOOH 


3 


2^ n-cHjOOCH 


3 




-o^ooch 


2 HO-Ph-O^- 


2 


1 - 


4 


CH3- 


-o^ooch 


2.3-(HD) 2 Ph-CH 2 - 


2 


1 - 


5 


PhO^- 




-CHjGOCH 


1 


1 - 


6 


4-fl^N-Ph-C3i 2 - 


-CHjOoce 


-CHjCOOH 


i 1 


1 - 


7 


C3I 3 (OCH 2 CH 2 ) 6 - 


-CHjOOOH 


-CHjCOCH 


>* 


1 - 



) 1 »-< CH 2>m !S - <3I 2- C(CH 3 , 2- 



Preparation of the complex compounds according to general formula I (or formulas II to V, respective- 
ly) from the polyamino-polycarboxylic acids according to general formulas la (or formulas lla to Va, re- 
spectively) which are the basis of these complex compounds and of ready-made solutions for use as 
contrast-enhancing substances according to the invention. 

EXAMPLE 23 

Complex manganese compound of 3-phenylmethoxy-2-N-[2-^ 

(carboxymethyl)-aminopropionicacid , 

Formula II: Me<a*> « Mn<2+); b » 2; E « 2H; R « Ph-CHz-; m - 1, n - 1; Ri = R3 = -CH2COOW; Z » (•); X = - 

*; 

49.2 g of 3-phenylmethoxy-2-N42-^N'-bis-(c^^ 
propionic acid (* the compound shown in the caption of Example 2) (0.119 mol) and 13.67 g of manganese 
carbonate (0.119 mol) are heated in 1100 ml of water at I00°C under agitation. After about 20 minutes a pink- 
ish-red solution is formed which loses color completely after an additional 10 minutes. The reaction mix- 
ture is maintained at about I00°C for one and one-half hours, then filtered until clear and evaporated in a 
vacuum until dry. The complex manganese compound thus obtained melts, in a dehydrated condition, at 
156-158°C. 

Analysis of the dehydrated compound: CieH22MnN209: 

calculated:C 46.46%; H 4.76%; N 6.02% Mn 11.80%; measured:C 45.82%; H 4.81%; N 6.11%, Mn 11.52%. 
EXAMPLE 24 

Salt of tris-(hydroxymethyl)-aminomethane (TRIS) of the complex manganese compound shown in Example 
23 

Formula II: Mefr+> = Mn(2+); b « 2; EM - 2- (H 3 N-C(CH 2 OH) 3 )+; R « Ph-CH 2 -; m « I; n - I; Ri « Ra - - 
CH 2 COO(-));Z = (-);X = - 

To a hot solution, at 60°C, of 28 g of tris-(hydroxymethyl)-aminomethane in 500 ml of double-distilled 
water suitable for injection is added, under agitation, 41.28 g (0.1 mol) of 3-phenylmethoxy-2-N-[2-N' ; N / - 
bis-(carboxymethy-l)-aminoemyO-N-(<^oxymethyl)-aminopropionic acid. The solution thus obtalnedls 
treated with 11.48 g of manganese carbonate (0.1 mol) and agitated at 60°C until completely dissolved. The 
clear solution is diluted with 1000 ml of double-distilled water and then filtered under sterile conditions. 

A number of the characteristics of the compound obtained are Rated In Tables I and 2. 
UV spectrum: lambda max. - 256nm; epsilon - 239. 
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The sterile clear solution is cooled to -30°C and then freeze-dried at 0.0! torr and +28 C C. The freeze- 
dried product is filled under sterile conditions into 14 serum vials. When it is to be used, the solution is re- 
constituted by injecting it with 10 ml of double-distilled water. The amount of solution obtained is a suffi- 
cient amount of contrast-enhancing agent for nuclear-spin tomography of one adult 

SAMPLE 25 

N-methyl-giucamine salt of the complex manganese compound according to Example 23 
Formula II: Me<*+) = Mn(2+>; b - 2; EM = 2 KCH 3 NH 2 CH 2 (CHOH) 5 H) + ; R = Ph-CH 2 -; m ■ I; n ■ I; Ri b 
10 R 3 = -CH 2 COO(->; Z = (->; X « - 

A) A suspension of 206.4 g of 3-phenylmethoxy-2-N-[2-N , f N'-bis-(carboxymethyl)-aminoethy[}-N- 
(carboxymethyi)-aminopropionic acid (0.5 mol) in 600 ml of double-distiiled water is treated in portions 
with 204.6 g of N-methyl-D-glucamine. The solution obtained with a pH of about 5, is slowly treated, un- 

15 der agitation, with 200 ml of a 2.5 molar solution of manganese chloride (0.5 mol). Each time a gaseous 
precipitate is formed which begins to dissolve under agitation. After the entire MnCI 2 solution has been 
added, the pH of the solution is brought to 6.5-7.0 by the addition of N-methyl-D-giucamine, The solution 
is diluted to a volume of 1000 ml and filtered in sterile conditions. 
UV spectrum: lambda max. « 225 nm; epsilon = 235. 

20 6) The same complex salt is also obtained in the following manner 46.5 g of the complex manganese 
compound obtained according to Example 23 is dissolved in 600 ml of double-distilled water and a solution 
with a pH of about 2 is obtained. The pH of the solution Is then adjusted to 6.5-7.0 by adding N-methyl-D- 
glucamine. The solution is diluted to a volume of 1000 ml and filtered in sterile conditions. 
UV spectrum: lambda max. = 225 nm; epsilon = 235. 

25 

The solutions obtained according to A) or B) can be used to enhance the contrast of the images ob- 
tained by nuclear spin tomography. 
Dosage: Solution A - approximately 15 ml 
Solution B - approximately 70 ml 

30 

EXAMPLE 26 

The sodium salt of the complex gadolinium compound of S-phenyl-methoxy^-N-^-N'-^-N'.N'-bis- 
(<^oxymethyl)-aminoethyQ-N'-(<»rt>oxym 
35 Formula II: Me(*+> = Gd(*+); b = 2; EM = 2 NaW; 
Z = <->;R = Ph-CH 2 -;m = l;n«2; 
Ri = R 3 = -CH 2 COO(->; 



40 0 X =>N-CH 2 COO 



16 g of sodium hydroxide is gradually added to a suspension of 53.15 g of 3-phenylmethoxy-2-N-[2'-N'- 
[2*-N* f N*-bis-(carboxymethyl)-aminoethy IJ-N'-(carboxymethy)-aminoethyI]-N-(carboxymethy l)-amino- 
45 propionic monohydrate acid (the compound shown in the caption of Example 4) in 500 ml of double-dis- 
tiiled water. The solution obtained is slowly treated under agitation with 200 ml of a 0.5 molar solution of 
gadolinium chloride and simultaneously with as much of a 2N solution of sodium hydroxide as is needed to 
maintain the pH of the reaction solution between 4.5 and 6.0. 

Once the addition of gadolinium chloride is completed, the pH of the solution is adjusted to 6.5-7.0, the 
50 solution is diluted to 1000 ml and filtered in sterile conditions in a nitrogen atmosphere. 
UV spectrum: lambda « 256 nm; epsilon - 220. 

The solution is transferred into serum vials in sterile conditions or is freeze-dried. 
Dosage: 20-200 ml (0.2-2.4 mi per kg of body weight). 

55 EXAMPLE 27 

TRIS salt of the complex gadolinium compound of 3-pheny1-methoxy-2-N-[2'-N'-t2M^ 
(caifcoxymethyO-aminoethyQ-N-(carboxym 

Formula II: Me(a+) - GdM; b « 2; EM « 2«(H 3 NC(CH 2 OH) 3 )*; Z « (-); R - Ph-CH 2 ; m - I; n - 2; Ri » R 3 
60 «-CH 2 COO<->; 



X =>N-CH 2 COO 

65 
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28 g of TRIS is gradually added to a suspension of 53.15 g of 3-phenylmethoxy-2-N-{2'-N'-[2*-N* l N''- 
bis-(c^oxyme%l)-aminoethyO^ 
acid in 500 ml of double-distilled water suitable for injection. 

5 The solution obtained is slowly treated under agitation with 200 ml of a 0.5 molar solution of gadolinium 
chloride and simultaneously with TRIS (= tris-(hydroxymefoyl)-aminomethane), In order to maintain the pH 
of the solution between 4.5 and 6.0. After the entire quantity of GdCIs has been added, the pH is adjust- 
ed to 6.5 - 7.0 by adding TRIS, the solution is diluted to I000 ml, filtered In sterile conditions and trans- 
ferred to serum vials or freeze-dried. 

10 UV spectrum: lambda ■ 256 nm; epsilon « 208 

EXAMPLE 28 

Serinol salt of the complex gadolinium compound of 3-phenyimethoxy-2-N-[2'-NM2"-N* l N-- 
1 5 bis(<»rooxymethyl)-aminoethyO^ acid 
Formula II: Me<*+) = GdP+>; b - 2; 
E0»> » 2*(H 3 NCH(CH 2 OH)2)( + ); Z = (->; 
R * Ph-CH2-; m o I; n = 2; 
Ri = R3o-CH 2 COO(-); 



20 
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^N-CH 2 COO ( ~* 



25 The preparation is similar to that of Example 27 with the TRIS being replaced by an equlmolar amount of 
serinol (=* l,3-dihydroxy-2-aminopropane). 
UV spectrum: lambda » 256 nm; epsilon = 232. 



EXAMPLE 29 



The L-omithine salt of the complex gadolinium compound of 3rphenylmethoxy-2-N-[2'-N42"-N",N''-bis- 
(cartoxymethyl)-aminoe%0-N'^ 
Formula II: MeO+) = GdP+): b = 2; 
Efl»> = 2»(H 3 N(CH2)3CH(NH2)COOH)W; 
35 Z « W; R = Ph-CH 2 -; m = I; n - 2; 
Fh = R3»-CH 2 COa-); 



X =^N-CH< 3 COO ( ~ ) 

The preparation is similar to that of Example 27, with the tris being replaced by an equimolar amount of 
L-omithine. The corresponding lysine salt is obtained in the same manner. 

EXAMPLE 30 

The N-methylglucamine salt of the complex iron compound N,N'-bis-(2-methoxy-l-carboxy-l-ethyO-N,N , - 
bis(2-hydroxyphenylmethyl)-ethylene diamine 
Formula IVa: MeM - Fe<M; b - 1; 
E0») - (CH3NH 2 CH 2 (CHOH)4CH20H)(+); 
R-CHs-;m = l;n = l;T«-CH2-; 
A»B = H;Q = -CH«;Z = <-) 

To a suspension of 3.336 g of N,^is-(2-methoxy-l-cart^ 
thyl)-ethylene diamine (7 mmol) in 50 ml of water "for injection", 14 ml of an aqueous IM solution of N-meth- 
ylglucamine is added with which the product is put in solution. To the solution prepared in this manner, 
whose pH is about 7.3, 7 ml of a IM solution of ferric chloride (7 mmol) Is added and the pH of the solution 
is kept between 5 and 7 by adding N-methylglucamine. The solution immediately turns to an intense red 

60 00 After the full amount of the second solution has been added, the pH of the solution is adjusted to a val- 
ue between 6.8 and 7.2 by means of N-methylglucamine; it is diluted to 100 ml with water "for injection and 
filtered through a 0.22 >i filtering membrane under nitrogen pressure. 
UV spectrum: lambda max. - 275 nm - epsilon 12300 

^ lambda max. = 485 nm - epsilon 3780. 
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In a manner similar to that described In the preceding Examples 23 - 30, the complex compounds of all 
the compounds described in Examples I through 22 and listed in the tables on pages 46 through 52, are 
obtained with ferrous chloride, ferric chloride, gadolinium chloride, manganese chloride or with their car- 
bonates or basic salts. 

5 Table I lists data on the relaxation effectiveness and stability of some of the complexes according to 

the invention as compared with the complexes representing the current state of the art relative to the 

corresponding paramagnetic ion. 
The symbols have the following meanings: 

EDTA= Ethylene diamine tetra-acetic acid; 
1 o DTPA= Diethylene triamine penta-acetic acid 

EHPG= Ethylene diamine-N,N / -bls-(2-(2-hydroxyphenyl)-acetic acid; 

BI8950- 3-phenylmethoxy-2-N-[2-^NM3is-(carbo 

aminopropionic acid; 

B 19030= 3-pheny[methoxy-2-lS42'-N'-[2"-N^N^ 
1 5 aminoethyl}-N-(carboxymethyl)-aminopropionic acid; 

B 19040= N,N'-bis-(2-methoxy^^rboxy-l^thyl)-N,N / -bis-(2-hyd^oxyphenyl)-methvl)-ethyiene diamine. 



TablBl 


Stability and specific relaxivity* of paramagnetic compounds in water and in rat plasma - 


20MHz,40°C 


Complex 


Stability constant 


Specific relaxivity (± standard deviation) 


Relative" 


[Ml 


of the complex 


(mmol • s)" 1 • 1 




specific relaxivity 




(tog. unit) 


in water 


in plasma 


in water 


in plasma 


Mn-EDTA 


14.0 


3.63 (±0.10) 


5.29 Ct 0.04) 


1 


1 


Mn-B 18950 


13.4 


2.98 (±0.11) 


ai8(±0J32) 


0.82 


1.55 


Gd-DTPA 


22.7 


3.90 (±0.00) 


4.60 (±0.02) 


1 


1 


Gd-B 19030 


21.0 


5.88 (±0.05) 


8.58 (±0.05) 


1.51 


1.86 


Fe-EHPG 


33.9 


1.07 (±0.04) 


1.35 (±0.04) 


1 


1 


Fe-B 19040 


37.1 


1.03 (±0.01) 


1.40 (±0.03) 


0.96 


1.04 



•Expressed as the angular coefficient (b) of the regression line (y - a =* bx) which correlates the rate of 
longitudinal relaxation (y) of the solution with the concentration of the paramagnetic complex (x). The line 
was calculated in the concentration interval between 0.1 and 5.0 mmol/l. 

"Expressed as the ratio of the specific relaxivity of the claimed complex and the specific relaxivity of the 
corresponding reference complex. 

40 

From a comparison of the specific relaxivities (ratio of the effectiveness and the molar concentration 
of the complex), it is clear that substantial progress with respect to known compounds can be obtained in 
plasma with the manganese and gadolinium complexes of the invention. 

While the effectiveness of the iron complex is not significantly different from that of the reference 
45 complex, its stability level Is higher and it exhibits, moreover, important hepatotropic properties in animal 
experiments (rabbits). 

This is indicated by the fact that excretion takes place to a large extent through the biliary system 
(55% excretion through the bile ducts versus 24% through the urinary tract in the first eight hours after 
l.V. administration). This result also agrees with the in vitro determination of the protein binding which, in 
50 rabbit plasma, is considerable, i.e., over 30%. 

Fe-EHPG, a compound which represents the current state of the art in this particular field (iron EH- 
PG as an Hepatobiliary MR Contrast Agent: Initial Imaging and Biodistribution Studies, R.B. Lauffer et 
al, - Journal of Computer Assisted Tomography 9(3): 431-438 May-June I985, Raven Press; New York) 
was tested under the same conditions and showed a decisively lower level of hepatotropism (biliary ex- 
55 cretion 8%) and less protein binding, i.e., below 20%. 

Some of the initial data on the tolerance of the complex compounds in question, as compared with non- 
complexed heavy metal ions, are set forth In Table 2. 
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Table 2 



Tolerance 


DL50inmg/kg mouse 






intravenous 


oral 


-•GdCb 


72(82-85) 




DTPA'Gd^ 


2628(2448-2826) 




B19Q30 # Gd C3+) 


3873(372&-4026) 




-'MnCfc 


36 (31-40) 


1032(965-1115) 


DTPA«Mn<* +) 


767(692-^52) 


6650(6127-7216) 


B 18950 *Mn (2+) 


1177(1089-1270) 


8329(7631-9074) 



Explanation: 

B igoSO'Gd* 34 * » N-methyl-D-glucamine salt 

DTPA*Mn (2+) - N-methyl-D-glucamine salt 

B 18950 % Mn <2 +* - N-methylD-glucamfne, Example 25. 



Table 2 shows that by complexing paramagnetic heavy metal ions with polyamino-polycarboxylic acids 
according to the invention, substantial detoxification is obtained and relatively tolerable complex heavy 
metal compounds are formed. 

This demonstrates that the complex heavy metal compounds of the invention according to formula I are 
endowed with the necessary characteristics of contrast-enhancing agents for nuclear spin tomography 
imaging. 

Claims 

I. A compound having the formula 



R-0-(CH 2 ) m -CH-COOZ 

N ■ Me< a+ > 

R l R 2 



ID-} 



E 



(b+) 



(I) 



wherein 
a is 2 or 3; 

b is an integer from 0 to 4; 

Me(a+) is Fe(2+>, Fe<3+), Gd(H or Mn<2+); 

E(*») is an ion of an alkali metal, alkaline earth metal, alkyl ammonium, alkanol ammonium, polyhydroxyalkyl 
ammonium, or basic protonated amino acid, said ions representing a total charge of b; 
mis an integer from I to 5; , _ tt _ . 

R is H, alkyl with from I to 8 carbon atoms, alkyl with from I to 8 carbon atoms wherein from I to 5 carbons 
are substituted with OH; araikyl with I to 4 aliphatic carbon atoms; phenyl or phenyl substituted by halo- 
gen, hydroxyl, carboxyl, carboxamide, ester, SO3H, sulfonamide, lower alkyl, lower hydroxy alkyl, amino, 
acylamino; (poly)oxa-alkyl with I to 50 oxygen atoms and from 3 to ISO carbon atoms, wherein I to 5 hydro- 
gen atoms may be substituted by OH; , 1 11 j _i ^1 
Ri is -CH2COOZ, -CH(CH 3 )COOZ, CH2CH2-N(CH 2 COOZ)2. a hydroxy arylalkyl, hydroxy pyndyl- 
alkyl, hydroxy aryl(carboxy)alkyl or hydroxy pyridyl-(carboxy)-alkyl radical, where the aryl or pyndyl 
radical may be substituted by hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyl or SO3H; 
R2 is the same as R1 or 
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is -CHjCOOZ, -CH(CH 3 )COOZ f - (CH^-X- (CH^-N 



10 



15 



-CH- 
I 

CH- 



TV 

CH 3 X 



, or -CH 



CH-N 



where 



R3 is -CH2COOZ, -CH(CH3)COOZ or a monovalent radical having the structure 
R-0-(CH 2 )nr pH-COOZ; 

20 X is a direct chemical bond, -0-, -S-, -NH-, -lsi-CH 2 COOZ or -ljJ-CH(CH3)COOZ; 

n is the integer 2 or 3, with the proviso that when X represents a direct bond, n is 1, 2 or 3; 
Zis hydrogen or a unit of negative charge, and -(CH2)m- may also be -CH2-C(CH3)2-. 
2. The compound of claim I having the formula 



25 
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40 



R-0-(CH 2 ) m -CH-COOZ 



Me 



I 

f R l 
X 



3. The compound of claim I having the formula: 



(a+) 



(b-> 



.(b+) 



(ID 



45 



50 



55 



60 



65 



R-0-(CH 2 ) m -CH-COOZ 

N-R, 
I 1 
«jH 2 >„ 

X 

R-0-(CH 2 ) m -CH-COOZ 



4. The compound of claim I having the formula 



Me 



(a+) 



(b-) 



,(b+) 



(III) 
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10 



15 



20 



25 



R-0-(CH 2 ) m -CT-COOZ 
N-T 




(a+) 



R-0-(CH 2 ) 



wherein 

T is -(CH 2 )i-2-. -CH(COOH)- or -CH(COOH)CH 2 -, 
Q is =CH- or =N-, 

A is hydrogen, hydroxyl or lower hydroxyaikyl and 

B is hydrogen, lower alky!, halogen, carboxyl or -SO3H. 

5. The compound of claim 4 wherein Me(*+) is Fe<3+). 

6. The compound of claim I having the formula 



<b-) 



E 



(b+) 



(IV) 



30 



35 



40 



R-0-(CH 2 ) m -CH-COOZ 



X 



( f ! 2 ) n 



Rl -N-R 3 R 1 -»-R 3 



<j H 2>n 
-N-I 



* Me 



(a+) 



(b-) 



B (b+) (V). 



45 7. The compound of claim I wherein 



50 



55 



60 



R-O- 



(CH 2 ) m -CH-COOZ 
N \ 

./ % 

Is selected from the group consisting of 
a-hydroxy-a-N^-NHS"-^^ 
(carboxymethyl)-amino-propionic acid, 
3^henylmethoxy-2-N-[2 / -N'-[2*-^N"^ 
thy[|-N-(carboxymethyl)-aminopropionic add, 

3- methoxy-2-N,N4)is-[2M^NMjis-(ca^ 

S-phenylmethoxy-a-N.N^is-^-^N acid, 

4- (3,6,9,!2,l5-pentaoxahexadecyloxy)^,3^ 
thyi]-N'-(carboxy 

me%l)-aminoethyO-N-(cartoxyme%l)-aniino-biJtyricacid f 
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4-(4'-amino-phenylmethoxy)-3 f 3Kto^ 
butyric acid, 

4-(3,6,9,i2,I5-pentaoxahexadecyloxy)-3,3-dimethy^ 
thyl]-amino-butyric acid, 
3-hydroxy-2-N-[2'-^NM)is-(carboxyme^^ 

3- phenylmethoxy-2-N-[2'-^N'-bis-(carboxyme^ 
acid, 

S^ctyloxy^-N^-^N'-bis-fcarboxyme^^ acid, 
N l N'-bis-(2-hydroxy-l-carboxy-l-ethyi)-N,N'-bis-(cart)oxym6thyl) ethylene diamine, 

4- methoxy-3,3Hiime%l-2-N-[2'-^N^ 
tyric acid, 

3- phenylmethoxy-2-N-[^2'^imethyl^ 
nopropionic acid, 

N,NM3is-(4,7,IO,l3-tetraoxa-2,2-dimethyl-l^ 
diamine, 

N,N'-bis-(4 f 7,lO,l3-tetraoxa-2 > 2^lmethyl-l-carboxy-l-tetradecyl)-N,N'-b^ 
dimethyl-ethylene diamine, 

4- (3 > 6,9J2,i5-pentaoxahexadecyloxy)-3,3Kiimethyl-2-N^ 
clohexyl(trans)]-N-(carboxymethyl)-amino-butyricacid, 
N,N'-bis-(3-methoxy-2,2-dime%M-ra^ 

ane diamine, 

3«phenylmethoxy-2-N-[2-[2-^NM)is-(c^oxym^^ 
propionic acid, and 

N,N'-bis-(24-hydroxy-4,7,l0,l3,i6,l9,22-^ 
(carboxymethyl)-diaminediethyl ether. 
8. The compound of claim I wherein Mete+) is 



is selected from the group consisting of 

N,N'-bis-(2-methoxy-l-carboxyl-l-e% diamine, 
N,N'-bis-(3,6,9,l2-tetraoxa-l-carboxy+^^ diamine, 
N,N'-bis-(3,6,9,l2-tetraoxa-l^rboxy-l^ 
ene diamine, 

N,NM)is-(3-methoxy-2,2-dimethyl-l-caifcoxy-^ 
diamine, 

N,N'-bis-2l-hydroxy-4 t 7,IO,l3.l6,I9-hexaoxa-2 f 2^im^^ 
phenylmethyl)-ethylene-diamine, 
N.N'-bis^H^S-dihydroxypropoxy^^imetoyl-l^^ 
thyl)-ethytene diamine, 

N f N'-bis-(3-methoxy-2,2^ime%l-l-carboxy-li)ropyO-N T N'-bis-(2-hydroxy-5-me^ 
ethylene diamine, 

N,N'-bis-(3-hydroxy-2,2Kiimethyl-l^^ diamine, and 

N,N'-bis-(3-phenylmethoxy-2,2<iimethy^ 

9. in a media for NMR contrast imaging which contains an agent for influencing relaxation time, the im- 
provement which comprises said agent being a compound having the formula 




1 



2 



(b-) 



R-0-(CH 0 ) -CH-COOZ 




Me 



<a+) 



E 



(b+) 



(I) 



wherein 
a is 2 or 3; 
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10 



15 



b is an integer from 0 to 4; 

Me<*+) is Fe<2+), Fe(H Gd(3+), or Mn(2+); 

EM is an ion of an alkali metal, alkaline earth metal, atkyi ammonium, alkanol ammonium, poiyhydroxyalkyl 
ammonium, or basic protonated amino acid, said ions representing a total charge of b; 
m is an integer from I to 5; 

R is H, alkyl with from I to 8 carbon atoms, alkyl with from I to 8 carbon atoms wherein from I to 5 carbons 
are substituted with OH; aralkyl with I to 4 aliphatic carbon atoms; phenyl or phenyl substituted by halo- 
gen, hydroxyl, carboxyi, carboxamide, ester, S03H, sulfonamide; lower alkyl, lower hydroxy alkyl, amino, 
acylamino; (poly)oxa-aIkyl with I to 50 oxygen atoms and from 3 to ISO carbon atoms, wherein I to 5 hydro- 
gen atoms may be substituted by OH; 

Ri is-CH 2 COOZ, -CH(CH3)COOZ,-CH2CH 2 -N(CH2COOZ)2, a hydroxy arylalkyl, hydroxy pyridyla- 
Ikyl, hydroxy aryl(carboxy)-alkyl or hydroxy pyridyl-(carboxy)-alkyl radical, where the aryl or pyridyl 
radical may be substituted by hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyi or SO3H; 
R2 is the same as R1 or 



20 



is -CH 2 COOZ, -CH(CH 3 )COOZ, -(CH 2 ) n -X-(CH 2 ) n -N^ 



25 



30 



35 



40 



45 



50 



55 




or -CH- 

\ 



< CH 2>l-5 



1 WW - « v 



CH-N 



where 

R3 is -CH 2 COOZ, -CH(CH3)COOZ or a monovalent radical having the structure 
R-0-(CH 2 )m- CH-COOZ; 

X is a direct chemical bond, -0-, -S-, -NH-, -ljJ-CH 2 COOZ or -lji-CH(CH 3 )COOZ; 

n is the integer 2 or 3, with the proviso that when X represents a direct bond, n is 1, 2 or 3; 
Zis hydrogen or a unit of negative charge, and -(CH2)nr may also be -CH2-C(CHa)2-. 
10. The media of claim 9 wherein the agent has the formula 



R-O- (CH 0 ) -CH-COOZ 
I 

<f 2 >n 

X 
I 

«f H 2>n 



Me 



(a+) 



(b-) 



E 



(b+) 



(II) 



60 



II. The media of claim 9 wherein the agent has the formula 



65 
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10 



15 



20 



Me 



(a+) 



12. 



R-0-(CH 0 ) -CH-COOZ 
2 n | 

N-R, 

I 1 

( «2>ii 
X 

<f 2 >n 
N-R, 

R-0-(CH 2 ) m -CH-COOZ 

The media of claim 9 wherein the agent has the formula 



(b-) 



E 



(b+) 



(III) 



25 



30 



35 



40 



45 



50 



60 



R-0-(CH 2 ) m -CH-COOZ 



R-O- ( CH 2 ) m -CH-COOZ 




(b-) 



E 



<b+) 



(IV) 



wherein 

T is -(CH 2 )i-2% -CH(COOH)-, or -CH(COOH)CH 2 -, 
Qis =CH- or=N- t 

A is hydrogen, hydroxy! or lower hydroxyalkyl, and 
B is hydrogen, lower aikyl, halogen, carboxyl or -SO3H. 

13. The media of claim 12 wherein Me(*+> is FeP+). 

14. The media of claim 9 wherein the agent has the formula 



R*0-(CH 2 ) m -CH-COOZ 
(CH 2 ) n -N-(CH 2 ) n 
X x 



(b-) 



Me 



(a+) 



B (b+) (v) 



(CH 0 ) 



I 



2'n 



(?H,) 



2'n 



Rj^-N^ R x -N-R 3 
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60 



I5. In a method for NMR diagnosis of tissue wherein an effective amount of a media for diagnosis is 
administered, the improvement which comprises said media containing a relaxation time influencing effec- 
tive amount of a compound having the formula 



10 



15 



20 



25 



30 



R-0-(CH 2 ) m -CH-COOZ 



\ 



Me 



<a+) 



E 



(b+) 



(I) 



wherein 
a is 2 or 3; 

b is an integer from 0 to 4; 

Me(a+) is Fe(2+), Fe(3 + >, Gd<H or Mn< 2+ ); 

Etf>+) is an ion of an alkali metai, alkaline earth metal, aikyl ammonium, alkanol ammonium, polyhydroxyalkyl 
ammonium, or basic protonated amino acid, said ions representing a total charge of b; 
m is an integer from I to 5; 

R is H, alkyl with from I to 8 carbon atoms, alkyl with from I to 8 carbon atoms wherein from I to 5 carbons 
are substituted with OH; aralkyi with I to 4 aliphatic carbon atoms; phenyl or phenyl substituted by halo- 
gen, hydroxyl, carboxyl, carboxamide, ester, S0 3 H, sulfonamide; lower alkyl, lower hydroxy alkyl, amino, 
acyiamino; (poly)oxa-alkyl with I to 50 oxygen atoms and from 3 to I50 carbon atoms, wherein I to 5 hydro- 
gen atoms may be substituted by OH; 

Ri is -CH2COOZ, -CH(CH 3 )COOZ, CH2CH 2 -N(CH 2 COOZ)2, a hydroxy arylalkyl, hydroxy pyridyia- 
Ikyl, hydroxy aryl(carboxy)alkyl or hydroxy pyridyl-{carboxy)-alkyl radical, where the aryl or pyridyl radi- 
cal may be substituted by hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyl or SO3H; 
R2 is the same as R1 or 



35 is -CH 2 COOZ, -CH(CH 3 )COOZ, - (CH^-X- (CH^-N 



40 



45 



-CH- 
I 



■CH-N 
CH, 



or -i 



CH- 



•CB-N 



' (C Vl-5 



\ 



50 



55 



wherein 

R3 is -CH 2 COOZ, -CH(CH 3 )COOZ or a monovalent radical having the structure 
R-0-(CH 2 )m- CH-COOZ; 

X is a direct chemical bond, -O-, -S-, -NH-, -lsi-CH 2 COOZ or -r^CH(CH 3 )COOZ; 

n is the integer 2 or 3, with the proviso that when X represents a direct bond, n is 1, 2 or 3; 
Zis hydrogen or a unit of negative charge, and -(CteV may also be -CH 2 -C(CH3)2-. 
16. The method of claim 15 wherein the compound has the formula 



37 



EP0 230 893 B1 



10 



15 



R-O- (CH- ) -CH-COOZ 
£ ni t 



^ H 2>n . Me (a+ > 
? 

R 1 -N-R 3 



(b-) 



<b+) 



(ID 



20 



25 



30 



35 



17. The method of claim 15 wherein the compound has the formula: 



45 



50 



55 



60 



Me 



(a+) 



R-O-(CH 2 ) m -CH-CO0Z 
N-R, 



<f 2 >n 
X 

<f 2 >n 
R-0-(CH 2 ) m -CH-COOZ 



40 18. The method of claim 15 wherein the compound has the formula: 

OH 

I 



R-0-(CH 2 ) m -CH-COOZ 



R-0-(CH 2 ) m -CH-COOZ 




B 



wherein 

T is -(CHa)K2-, -CH(COOH)-, or -CH(COOH)CH*-, 



(b-) 



E 



(b+) 



(b-) 



,(b+) 



(III) 



(IV) 
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Q is =CH- or =N-. 

A is hydrogen, hydroxy! or lower hydroxyalkyl, and 
B is hydrogen, lower alkyl, halogen, carboxyl or -SO3H. 

19. The method of claim 18 wherein M( a+ ) is FeP+). 

20. The method of claim 15 wherein the compound has the formula 



10 



15 



20 



R-0-(CH 2 ) m -CH-COOZ 



( 



fH 2 ) n -N-<CH 2 ) n 



X 
I 

«j*2>n 



X 

< CH 2 ) n 



R 1 -N-R 3 R x -A-R3 



Me 



(a+) 



(b-) 



,(b+) 



(V) 



25 



30 



2L A method for the preparation of the compound of claim I comprising reacting a salt, oxide, hydrox- 
ide, or basic salt of Me( a +) ion with a polyamino-polycarboxylic acid having the formula 



R-0-(CH 2 ) m -<j:H-COOH 



N 



35 



40 



45 



50 



m is an integer from I to 5; 

R is H, alkyl with from I to 8 carbon atoms, alkyl with from I to 8 carbon atoms wherein from I to 5 carbons 
are substituted with OH; aralkyl with I to 4 aliphatic carbon atoms; phenyl or phenyl substituted by halo- 
gen, hydroxyl, carboxyl, carboxamide, ester, S0 3 H, sulfonamide; lower alkyl, lower hydroxy alkyl, amino, 
acylamino; (poly)oxa-aikyl with I to 50 oxygen atoms and from 3 to 150 carbon atoms, wherein I to 5 hydro- 
gen atoms may be substituted by OH; 

R, is-CH 2 COOZ. -CH(CH3)COOZ,-CH2CH2-N(CH2COOZ) 2> a hydroxy arylalkyl, hydroxy pyndyla- 
Ikyl, hydroxy aryl(carboxy)-alkyl or hydroxy pyridyl-(carboxy)-aIkyl radical, where the aryl or pyridyl 
radical may be substituted by hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyl or SO3H; 
R2 is the same as R1 or 



is -CH 2 COOZ, -CH(CH 3 )COOZ, -(CH 2 ) n -X-<CH 2 > n -N 




55 -CH 

I 

CH 3 

60 where 

R3 is -CH2COOZ, -CH(CH3)COOZ or a monovalent radical having the structure R-0-(CH 2 )m-CH- 
COOZ; 

X is a direct chemical bond, -O-, -S-, -NH-, -N-CH 2 COOZ or -N-CH(CH 3 )COO£ 

n is the integer 2 or 3, with the proviso that when X represents a direct bond, n is 1. 2 or 3; 

65 
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10 



25 



30 



35 



40 



45 



Z is hydrogen or a unit of negative charge 
and -(ChbW may also be -CH2-C(CH3)2-; 
or alkali metal salts, alkali-earth metal salts or amine salts thereof. 
22. A polyamino-polycarboxylic acid having the formula 



R-O-(CH-) -CH-COOH 
2 m | 



N (la) 
R l *2 



wherein 

15 m is an integer from I to 5; 

R Is H, alkyl with from I to 8 carbon atoms, alky! with from I to 8 carbon atoms wherein from I to 5 carbons 
ar substituted with OH; aralkyl with I to 4 aliphatic carb atoms; phenyl or phenyl substituted by halogen, 
hydroxy!, carboxyl, carboxamide, ester, SO3H, sulfonamide; lower alkyl, lower hydroxy alkyl, amino, 
acylamino; (poly)oxa-alkyl with I to 50 oxygen atoms an from 3 to I50 carbon atoms, wherein I to 5 hydro- 
20 gen ato may be substituted by OH; 

Ri is -CH2COOZ, -CH(CH3)COOZ, CH 2 CH2-N(CH2COOZ)2, a hydro arylalkyl, hydroxy pyridylalkyl, 
hydroxy aryl(carboxy)-a!kyl or hydroxy pyridyl-(carboxy)-alky! radical, where the aryl or pyridyl radical 
may be substituted by hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyl or SO3H; 
Ra is the same as R1 or 



is -CH 2 COOZ, -CH(CH 3 )COOZ, - { CH 2 ) ft -X- (CH 2 ) n" N ^ 



R 3 



•CH CH-N 1 

I I \ 

CH 3 CH 3 R 3 vwa 2'l-5 




wherein 

R3 is -CH2COOZ, -CH(CH3)COOZ or a monovalent radic having the structure 
R-O-(CH 2 )m-^H-C00Z; 

X is a direct chemical bond, -O-.-S-, -NH-, -IjJ-CHaCOOZ or -IJJ-CH(CH 3 )COOZ; 

n is the integer 2 or 3, with the proviso that when X represents a direct bond, n is 1, 2 or 3; 
Z is hydrogen or a unit of negative charge and -(CH2)m- may also be -CH 2 -C(CH3)2-; 
50 23. The polyamino-carboxylic acid of claim 22 having the formula 



55 



60 



65 
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R-0-(CH 2 ) m -CH-COOH 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



l «2>n 
X 

R l" N " R 3 



(Ila) 



24. The polyamino-carboxylic acid of claim 22 having the formula 

R-0-(CH 2 ) m -CH-C00H 

<f 2 } n 
X 

N-R X 

R-O-(CH 2 ) m -CH-C0OH 

25. The polyamino-carboxylic acid of claim 22 having the formula 

OH 



(Ilia) 



*-O-(CH 2 ) m -(JH-CO0H 



R-0-(CH 2 ) m -CH-COOH 




(iva) 



wherein 

T is -(CH 2 )i*-, -CH(COOH)- or -CH(COOH)CH2-, 
Qis=CH- or-N-, 

A is hydrogen, hydroxyl, lower hydroxyalkyl and 
B Is hydrogen lower aDcyl, halogen, carboxy or SOsH. 
26. The polyamino-caiboxylio acid of daim 22 having the formula 



65 
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10 



R-O- (CH 2 ) m -CH-COOH 
(CH 2 ) n -N-(CH 2 ) n 
X X 



<j*2>n 



(CH 



2>n 



(Va) 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Patentansprtlche 

1. Eine Verbindung der Forme! 



R-O- (CH 2 ) m -CH-COOZ 



<b-} 



E 



<b+) 



(I) 



worin 

a ist die Zahl 2 oder 3, 

b ist eine ganze Zahl 0 bis 4, 

Me(a+) ist Fe(2+), Fe<H GdP+) oder Mn<2+), 

E0») ist ein Alkali-, Erdalkali-, Alkylammonium-, Alkanolammonium-, Polyhydroxyaikylammonium-ionen 
oder eine basisch protonierte Aminosiure, wobei die lonen insgesamt b Ladungseinheiten aufweisen, 
m ist eine ganze Zahl 1 bis 5, 

R ist H, Aikyl- mit 1 bis 8 C-Atomen, Alkyl mit 1 bis 8 C-Atomen, worin 1 bis 5 Kohlenstoffatome mit HO- 
substituiert sind, 

Araikyl- mit 1 bis 4 aiiphatischen C-Atomen, 

Phenyl- oder durch Halogen, Hydroxy, Carboxy, Carboxamid, Ester, SO3H, Sulfonamid, Niederaikyl, 
Niederhydroxyaikyl, Amino oder Acylamino substituiertes Phenyl, 

(Poly)oxa-alkyh mit 1 bis 50 OAtomen und 3 bis 150 C-Atomen, worin 1 bis 5 Wasserstoff-Atome durch 
HO-substttuiert sein kdnnen, 

R1 ist -CH2COOZ, -CH(CH 3 )COOZ, -CH 2 CH2-!M(CH2COOZ)2, einen Hydroxyarylalkyi-, Hydroxypy- 
ridylaikyi-, Hydroxyaryl-(caiboxy)-aikyl- oder HydroxypyridyHcarboxyJ-alkyl-rest, worin der Aiyl- 
oder Pyridyl-rest durch Hydroxy, Hydroxyaikyl oder Alkyl, Halogen, Carboxy oder SO3H substituiert 
sein kann, 

R 2 ist dasselbe wie R1 oder 

-CH C00Z, -CH(CH 3 )CQ0Z t -<CH 2 ) n -X-<CH 2 ) n -< , 
- 0 ^3 

-CH ~" *" 1 



R, 

-CH-CH-< \ 

CH 3 CH3 *3 \m_l/ « 



CH-H^ 



worm 



R3 ist -CH2COOZ, -(CH(CH3)COOZ oder einen einwertigen Rest der Struktur 
R-0-(CH2) m - (j)H-COOZ, 

X ist eine einfache chemische Bindung, -O-, -S-, -NH-, «y-CH 2 COOZ oder -|vi-CH(CH3)COOZ, 
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n 1st elne ganze Zahl 2 oder 3, oder, falls X eine elnfache Bindung ist, 1 , 2 Oder 3, 
Z ist H oder eine negative Ladungseinheit 
und worin -{CHi)m- auch durch -CHaCfCHs)?- ersetzt sein kann. 
2. Eine Verbindung von Anspruch 1 der Forme! 



10 



15 



20 



25 



30 



35 



R-0-{CH,) m -CH-CaOZ 
N-R, 

I 2 n 

X 

(OU 



He 



U+) 



2'n 



3. Eine Verbindung von Anspruch 1 der Formel 



R-O-(CH 2 ) m -CH-C0OZ 
N-R, • 

M 

X «Me 

<fVn 
N-R-j 

R-O-(CH 2 ) n -CH-C00Z 



40 4. Eine Verbindung von Anspruch 1 der Formel 



<b-) 



.(b+J 



(II) 



(a+) 



(b-) 



:(b+). 



(Ill) 



45 



50 



55 



60 



65 



R-O-(CH-) 




(a+) 



(b-) 



E (b + ) (iy) 



worin T -CH 2 )i-2, -CH(COOH)- oder -CH(COOH)CHz-, Q -CH-oder =N-. A Wasserstoff, Hydroxy, 
Hydroxyniederalkyl und B Wasserstoff, Niederaikyl, Halogen, Carboxy oder SOsH bedeutet 

5. Bne Verbindung von Anspruch 4, worin Me^Fel**) bedeutet 

6. Eine Verbindung von Anspruch 1 der Formel 
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(b-) 



E(b+) (V) 



R-O-(CH-) -CH-COOZ 
c n | 

(CH 9 ) n -N-{CH 2 ) n 
.J 2 " i 2n .«e(a+) 



7. Eine Verbindung von Anspruch 1, worin 

R-0-(CH 2 ) m -CH-COOZ 

N \ 

./ N 

ausgewahit ist aus der Gruppe bestehend aus 

S-Hydroxy^-N-^-N'-P'-N^NMjis^cato^ 

(carboxymethyl)-ajnino-pro 

(carboxyme%l)aminoethyli-N'-(cartK)xymethyl)-am 

3-Methoxy-2-N,N-bis-[2'-N\N'-bis-(c^ 

3- Phenylmethoxy-2-N,N-bls-[2'-^N'-bis-(^^ 

4- (3,6 t 9,12J5-Pentaoxahexadecyloxy)-3 f 3-dimethyl^^^ 
aminoethyl]-N'-(carboxymethyl)-aniinoe 
4-(4'-Amino-phenylmethoxy)<3,3Kiimett^^^ 
buttersaure, 

4-(3A9J2J5-Pentaoxahexadecyloxy)-3 l 3-dime%^^ 

aminoethylj-amino-buttersaure, 

3-Hydroxy-2-N-[2'-^N'-bls-(carboxv^^ 

3-Phenylm8thoxy-2-N^2'-N / l N , -bis-(carboxymethyI)-aminoethy^^ 

saure 

3- Octyloxy-2-N-[2'-^N'-bis-(rato^ 

N,N'-Bis-(2-hydroxy-1 -carboxy-1 -ethyl)-N, N'-bis-(carboxymethyl)-ethylen-diamin ( 

4- Methoxy-3,3Klimethyl-2-N-[^-N\N'^is-(carboxymethyl)-amino 
tars aura 

3- Phenylmethoxy-2-N-[n2'Kiime%l-2-^ 
no-propionsSure, 

N f N'-Bis-(4,7,10,13-tetraoxa-2,2-dimethyl-1 -caitoxy-1 -tetradecyl)-N f N'-bis-(carboxymethyl)-ethylen- 
diamin, 

NK-Bis-(4JJ0 f 13~tetraoxa-2£^ime%^ 
thyl-ethylendiamin, 

4- (3,6,9 l 12,15-Pentaoxahexadecyloxy)-3 l 3-dimeth^^ 
hexyl(trans)]-N-(carboxymethyl)-amino-buttersaure, 

N,N'-Bis-(3-methoxy-2,2-dimethyM -carboxy-1 -propyl)-N, N'-bis-(carboxymethyl)-1 ,2-(trans)-cyclo- 
hexandinamin, 

3-Phenylmethoxy-2-N-p-[2-^N'-bis^^ 

propionsaure und 9 

N,N'-Bis-(24-hydroxy-4J,10,13,16,19,22^^ 

(caiboxymethyi)-diamin-diethylether. 

8. Eine Verbindung von Anspruch 1 , worin Me(*+)FeP+) ist und 
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R-O- (CH 2 ) m -CH-COOZ 



I 

N 



ausgewahlt ist aus der Gruppe bestehend aus 
N,N^Bis-(2-methoxy-1-carboxyM-ethyO-N^^^ 
N,N'-Bis-(3,6,9,12-tetraoxa-1 -carboxy-1^ 

N,N'-Bis-(3,6,9,1 2-tetraoxa-1 -carboxy-1 -tridecyO-N^'^is-ta-hydroxy^methoxy-phenylrnethyO-ethy- 
lendiamin, n , 

N,N'-Bis-(3-methoxy-2,2-dimethyl-1-cato 

N^-Bis-21 -hydroxy^ 
phenylmethyl)-ethylendiamin, 
N,N'-Bis-[3-(2,3-dihydraxypropoxy^ 
methylj-ethylendiamin, 

N,N'-Bls-(3-methoxy-2,2-dimethyl-1 -carboxy-1 -propyl)-N l N'-bis-(2-hydroxy-5-methoxyi)henylniethyl)- 
ethylendiamin, 

N,N'-Bis-(3-hydroxy-2,2-dmethyl-1^^xy-1-^^ und 
N t N-Bis«(3-phenyimethoxy-2,2-dime%M 

9. NMR-Kontrastmittel enthaltend einen Wirkstoff fur die Beelnfiussung der Reiaxationszeit, dadurch 
gekennzeichnet, dass es als Wirkstoff eine Verbindung der Formel I enth&lt 



R-O-{CH 2 ) ia -CH-C002 
N 



He 



(a+) 



.(b+) 



(I) 



worin 

a ist die Zah! 2 Oder 3, 

b ist eine ganze Zahl 0 bis 4, 

Me<*+) ist Fe(2+), Fe(3+), GdP+) oder Mn(2+), 

Efl») ist ein Alkaii-, Erdalkali-, Alkylammonium-, Alkanolammonium-, Polyhydroxyalkylammonium-ionen 
oder eine basisch protonierte Aminosaure, wobei die lonen insgesamt b Ladungseinheiten aufweisen, 
m ist eine ganze Zahl 1 bis 5, . tt to u _ 

R 1st H, Aikyl- mit 1 bis 8 C-Atomen, Alkyi mit 1 bis 8 C-Atomen, worin 1 bis 5 Kohlenstoffatome mit HO- 
substituiert sind, 

Aralkyl- mit 1 bis 4 aliphatischen C-Atomen, 

Phenyl- oder durch Halogen, Hydroxy, Carboxy, Carboxamid, Ester, SO3H, Sulfonamid, Niederalkyl, 
Niederhydroxyalkyl, Amino oder Acylamino substituiertes Phenyl, 

(Poly)oxa-alkyl- mit 1 bis 50 OAtomen und 3 bis 150 C-Atomen, worin 1 bis 5 Wasserstoff-Atome durch 
HO- substituiert sein kflnnen, 

Ri ist -CH2COOZ. -CH(CH 3 )COOZ, -CH 2 CH2-N(CH2COOZ)2, einen Hydroxyarylalkyl-, Hydroxypy- 
ridylalkyl-, Hydroxyaryl-(carboxy)-alkyl oder Hydroxypyridyl-tcarboxyJ-aikyl-rest, worin der Aryl- oder 
Pyridykest durch Hydroxy, Hydroxyaikyl oder Alkyl, Halogen, Carboxy oder SO3H substituiert sein 
kann, 

R2 ist dasselbe wie R1 oder 
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-CH 2 C00Z, -CH(CH 3 )C00Z, -(CH^-X^CH^-fl 
R, 

-CH— CH-< \ 

1 1 R 
CH^ CH^ J 



-CH 
\ 



ch-n: 



10 worin 

R3 ist-CH 2 COOZ, -CH(CH3)C00Z oder einen einwertigen Rest der Struklur 
R-O-CH2)m-<pH-C00Z. 

X Ist eine einfache chemische Bindung, -O-, -S-, -NH-, -)jl-CH2COOZ oder -ljl-CH(CHs)COOZ, 

15 n ist eine ganze Zahl 2 Oder 3, oder, falls X eine einfache Bindung 1st, 1 , 2 Oder 3, 
2 ist H oder eine negative Ladungseinheit 
und worin -CH 2 )m- auch durch -CH 2 C(CH3)2- ersetzt sein kann. 
10. Das Mittel von Anspruch 9, enthaltend einen Wirkstoff der Formel 



20 



25 



30 



R-CMCH^-OHSOZ 



Me 



(a+) 



I 2 n 
X 

R -H-R 3 



35 1 1 . Das Mittel von Anspruch 9, enthaltend einen Wirkstoff der Formel 



Cb-) 



r (b+) 



(ID 



40 



45 



50 



55 



R-0-(CH 2 ) m -CH-C00Z 

i -Me 

(CHJ n 
N-R 1 

R-0-(CH 2 ) m -CH-C00Z 



12. Das Mittel nach Anspruch 9, enthaltend einen Wirkstoff der Formel 



(b-) 



:(b+). 



(Ill) 



60 



65 
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10 



15 



25 



R-0-(CH,)_-<JH-CQ0Z 



20 worm 



OH 




T-CH 2 )i-2-, -CHfCOOH)-, oder-CH(COOH)CH2-, 
Q=CH-oderoN-, 

A Wasserstoff, Hydroxy oder Hydroxyniederalkyl und 

B Wasserstoff, Niederalkyl, Halogen, Carboxy oder-SOaH bedeutet 

13. Das Mittel nach Anspaich 12, worin Me( a +>Fe(3+)ist. 

14. Das Mittel nach Anspruch 9, enthaltend einen Wirkstoff der Formel 



(b-j 



E (b+) (IV) 



30 



35 



40 



45 



50 



55 



60 



R-0-{CH 2 ) m -CH-C00Z 
(CH 2 ) n -N-(CH 2 ) n 



1 

R r N_R 3 V *3 



( c Vn 



(b-) 



E(b+) (v) 



15 Verfahren zur NMR-Diagnose von Gewebe, wobei eine ausreichende Menge an Diagnosemittel 
verabreicht wird, dadurch gekennzeichnet, dass das Mittel eine zur Beeinflussung der Relaxationszeit 
ausreichende Menge einer Verbindung der Fonnel I enthalt 



R-O- (CHj } m -CH-COOZ 
N 



Me 



(a+) 



(b-) 



E 



(I) 



worin 

a ist die Zahl 2 oder 3, 

b ist eine ganze Zahl 0 bis 4, 

Me<a+> Isl Fe(2+), Fe<H GdO*) oder Mn<2+), . n 

E0») ist ein Alkali-, Erdalkali-, Alkyiammonium-, Alkanolammomum-, PotyhydraxyalkylammoniunHonen 
oder eine basisch protonierte Aminosaure, wobei die lonen insgesamt b Ladungseinheiten aufweisen, 
m ist eine ganze Zahl 1 bis 5, 

R ist H, Alkyl- mit 1 bis 8 C-Atomen, Aikyl mit 1 bis 8 C-Atomen, wonn 1 bis 5 Kohienstoffatome mit HO 
substituiert sind, 
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Aralkyl-m'rt 1 bis 4 aliphatischen C-Atomen, 

Phenyl- oder durch Halogen, Hydroxy, Carboxy, Carboxamid, Ester, SOaH, Sulfonamid, Niederalkyl, 
Niederhydroxyalkyi, Amino oder Acylamino substituiertes Phenyl, 

(Poly)oxa-alkyl- mrt 1 bis 50 OAtomen und 3 bis 150 C-Atomen, worin 1 bis 5 Wasserstoff-Atome durch 
HO substituiert sein konnen, 

Rt ist -CH2COOZ, -CH(CH 3 )COOZ, -CH2CH2-N(CH 2 COOZ)2, einen Hydroxyaryialkyh Hydroxypy- 
ridylaikyl-, Hydroxyaryl-(carboxy)-aikyi Oder Hydroxypyridyl-(carboxy)-aikyl-rest, worin der Aryl- oder 
Pyridyl-rest durch Hydroxy, Hydroxyaikyl oder Aikyl, Halogen, Carboxy oder SO3H substituiert sein 
kann, 

R2 ist dasselbe wie R1 oder 



15 



20 



25 



30 



-CH 2 C00Z, -CHtC^jCOQZ, -{CH^-X-tCH^-fT , 

R, " .R, ^4 

-CH-CH-< -OJ CH-< 

CHg CH 3 *3 (0*2^-5 R 3 



worin 

R 3 ist -CH2COOZ, -CH(CH 3 )COOZ Oder einen einwertigen Rest der Struktur 
R-CHCH 2 )nr-(pH-C002, 

X ist eine einfache chemische Bindung, -0-, ^S-, -NH-, -l|J-CH2C002 oder -j^HfCHaJCOOZ, 

n ist eine ganze Zahi 2 oder 3, oder, fails X eine einfache Bindung ist, 1 , 2 Oder 3, 
Z ist H oder eine negative Ladungseinheit 
und worin -(CH 2 )nr- auch durch -CH 2 C(CH3)2- ersetzt sein kann. 
16. Verfahren nach Anspruch 15, wobei die Verbindung die Formel (li) aufweist 



35 



40 



45 



50 



55 



60 



65 



Me 



R-0-<CH 2 ) o -CT-C00Z 
X 

I 2 " 
R^-^3 



17. Verfahren nach Anspruch 15. wobel die Verbindung die Formel (III) aufweist 



(b-) 



R-0-{CH 2 ) n -CH-C00Z 
H-R 1 

<fVn 
X 

<CH,) n 
N-R 1 

R-0-(CH,) -CH-COOZ 



•Me 



(b-) 



:(b+) 



(II) 



(III) 
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18. Verfahren nach Anspruch 15, wobei die Verbindung die Formel (IV) aufweist 



10 



15 



20 



OH 



R-0-<CH 2 ) m -fH-C00Z I A 



X 

, 2 n 
N-T 

R-0-(CH 2 ) m -CH-COQZ 




(b-) 



E (b+) (IV) 



wonn 

T-CH 2 )i-2-, -CH(COOHH oder-CH(COOH)CH2-, 
Q=CH- oder =N-, 
25 A Wasserstoff , Hydroxy oder Hydroxyniederalkyl und 

B Wasserstoff, Niederalkyl, Halogen, Carboxy oder-S03H bedeutet 

19. Verfahren nach Anspruch 18, wobei M(a+) Fe^) ist 

20. Verfahren nach Anspruch 15, wobei die Verbindung die Formel (V) aufweist 



30 



35 



40 



(b-) 



Etb+) (v) 



21. Verfahren zur Herstellung einer Verbindung von Anspruch 1, dadurch gekennzeichnet, dass ein 
45 Salz, Oxid, Hydroxid oder basisches Salz eines Me(a+) ions mit einer Polyamino-polycarbonsaure der 
Formel (la) umgesetzt wird 



50 



R-O-(CH-) -CH-COOH ( u ) 

z m i 

if R 2 

55 worin 

m Ist eine ganze Zahl 1 bis 5, u u - 

R ist H, Alkyl- mit 1 bis 8 C-Atomen, Alkyl mit 1 bis 8 C-Atomen, wonn 1 bis 5 Kohlenstoffatome mrt HO- 
substituiert sind, 

Aralkyl-mit1 bis 4 aliphatischen C-Atomen, 
60 Phenyl- oder durch Halogen, Hydroxy, Carboxy, Carboxamid, Ester, SOaH, Sulfonamld, Niederalkyl, 
Niederhydroxyalkyl, Amino oder Acylamino substituiertes Phenyl, 

(Poly)oxa-alkyl- mit 1 bis 50 OAtomen und 3 bis 150 C-Atomen, worin 1 bis 5 Wasserstoff-Atome durch 
HOsubstituiertseinkdnnen, 

Ri 1st -CH2COOZ, -CH(CH 3 )COOZ, -CH2CH2-N(CH 2 COOZ)2. elnen Hydroxyarylalkyl-, Hydroxypy- 
65 ridylaiky!-, Hydroxyaryt-(carboxy)-alkyl oder HydroxypyridyKcarboxyValkyl-rest, worin der Aryi- oder 
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Pyridyl-rest durch Hydroxy, Hydroxyalkyl Oder Alkyl, Halogen, Carboxy Oder S0 3 H substitulert sein 
kann, 

Ra dasselbe wie Ri Oder 

5 R 

-CH 2 CQ0Z, -CH(CH 3 )C00Z, -(« 2 ) n -X-(CH 2 J || -< 1 , 
10 -CH-CH< \ P"< 

worin 

15 R 3 1st -CH2COOZ, -CH(CH3)COOZ oder einen einwertigen Rest der Struklur 
R-0-(CH2)nr- <pH-COOZ, 

X ist eine einfache chemische Bindung, -O-, -S-, -NH-, -|si-CH 2 COOZ oder -!jl-CH(CH3)CXX)Z, 

n ist eine ganze Zahl 2 oder 3, oder, falls X eine einfache Bindung ist, 1, 2 oder 3, 
Z ist H oder eine negative Ladungseinheit 

und worin -<CH 2 )rTr- auch durch -ChfeCfCHa)^ ersetzt sein kann oder deren Alkali-, Erdalkali- oder 
Aminsalze. 

22. Eine Polyaminopolycarbonsaure der Formel 

R-O-(CH 2 ) m -CH-C00H 

/\ 

worin 

m ist eine ganze Zahl 1 bis 5, t ti ^ 

R ist H, Alkyl- mit 1 bis 8 C-Atomen, Alkyl mit 1 bis 8 C-Atomen, worin 1 bis 5 Kohlenstoffatome mit HO- 
substituiert sind, 

Aralkyl- mit 1 bis 4 aliphatischen C-Atomen, 

Phenyl- oder durch Halogen, Hydroxy, Carboxy, Carboxamid, Ester, SOaH, Sulfonamid, Niederalkyl, 
Niederhydroxyalkyl, Amino oder Acylamino substituiertes Phenyl, 

Poly)oxa-alkyl- mit 1 bis 50 O-Atomen und 3 bis 150 C-Atomen, worin 1 bis 5 Wasserstoff-Atome durch 
HO-substituiertseinkdnnen, 

R1 ist -CH 2 COOZ, -CH(CH 3 )COOZ, -CH 2 CH2-N(CH2COOZ)2. einen Hydroxyarylalkyl-, Hydroxypy- 
ridylalkyl-, Hydroxyaryl-(carboxy)-alkyi oder HydroxypyridyHcarboxyJ-alkyl-rest, worin der Aryi- oder 
Pyridykest durch Hydroxy, Hydroxyalkyl oder Alkyl, Halogen, Carboxy oder SO3H substituiert sein 
kann, 

R 2 ist dasselbe wie R1 oder 



20 



25 



30 



35 



40 



45 



50 



55 



CQOZ, -CH(CH 3 }C0QZ, -<^)„-X-<^V< , 
-CH-OT-<\ -O! CH-< 



wonn 

R3 ist -CH2COOZ, -CH(CH 3 )COOZ oder einen einwertigen Rest der Struktur 
R-0-(CH2)nT- pH-COOZ, 

X ist eine einfache chemische Bindung, -0-, -S-, -NH-, -JjJ-C^COOZ oder -ljl-CH(CH3)COOZ, 

n ist eine ganze Zahl 2 oder 3, oder, falls X eine einfache Bindung ist, 1, 2 oder 3, 

Z ist H oder eine negative Ladungseinheit 

und worin -<CH 2 )nr- auch durch -CH2C(CH3>2- ersetzt sein kann. 



65 
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23. Eine Polyaminopolycarbonsaure nach Anspruch 22 der Fonnel 

R-0-(CH 2 ) m -CH-C00H 

(CHJ n (Ha) 
X 

Wn 

24. Eine Polyaminocarbonsaure nach Anspruch 22 der Formel 

R-0-(CH,} -CH-C00H 

z m | 
N-R. 
! 1 
(CH,)„ 

X (Ilia) 
(OU- 

1 2 n 

N-R, 
I » 

R-O-(CH-) -CH-COOH 
c m 

25. Eine Polyaminopolycarbonsaure nach Anspruch 22 der Forme! 



R-0-<CH 2 ) m -CH-C00H T A 



X 

<<Vn 
N-T 
I 



R-O-(CH 2 ) m -CH-C00H 



B 



OH 




(IVa) 



worin 

T -(0^)1-2, -CH(COOH)- Oder -CH(CX)OH)CH2-, Q =CH- Oder =N-, 

A Wasserstoff, Hydroxy, Hydroxyniederalkyl und B Wasserstoff, Niederalkyl. Halogen, Carboxy oder 
SO3H bedeutet 

26. Eine Polyaminopolycarbonsaure nach Anspruch 22 der Fonnel 
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R-O-(CH 2 ) m -CH-C00H 
X-<CH 2 ) n -MCH 2 ) n -X 



(Va) 



Revendications 

15 1 . Compost r6pondant k la f ormule 



20 



25 



30 



35 



40 



45 



R-0-(CHO -CH-CQOZ 



N 



He 



(b-) 



E 



(b+) 



(1) 



dans laquelle 

a est 2 ou 3; 

b est un entier de 0 k 4; 

Me(a+) est Fe<2+), FeG+), Gd@+) ou Mn<2+); 

E0») est un ion d'un m6tal alcalin, d'un metal alcalino-terreux, d'un alkylammonium, d'un alcanolammonlum, 
d'un polyhydroxyalkylammonium ou d'un amino-acide proton6 basique, lesdits ions representant une 
charge totale de b; 
m est un entier de 1 k 5; 

R est H, un alkyle de 1 k 8 atomes de carbone, un alkyle de 1 k 8 atomes de carbone, dont 1 a 5 carbones 
sont substitute par OH; un aralkyle de 1 k 4 atomes de carbone aliphatiques; un ph6nyle ou un phinyle 
substitu6 par un halogdne, un hydroxyle, un carboxyle, un carboxamide, un ester, SO3H, un sulfonamide, 
un alkyle interieur, un hydroxyaikyle interieur, un amino, un acylamino; un (poly)oxa-alkyle de 1 k 50 ato- 
mes d'oxyg&ne et de 3 k 150 atomes de carbone, oCi 1 k 5 atomes d'hydrog&ne peuvent §tre remplacSs par 
OH; 

Ri est -CH 2 COOZ, -CH(CH 3 )COOZ, -CH 2 CH2-N(CH2COOZ)2, un radical hydroxyarylalkyle, hy- 
droxypyridylalkyle, hydroxyaryi (carboxy)aikyle ou hydroxypyridyl (carboxy)alkyle oil le radical aryie ou 
pyridyle peut §tre substitue par un hydroxyle, un hydroxyaikyle, un alkyle, un halogdne, un carboxyle ou 
SO3H; 

R2 est comme R1 ou est 



50 



-CH 2 COOZ, -CH(CH 3 )C002, - (CH 2 ) n -X-(CH 2 ) n -N 



55 



60 



65 



Oil 




OU 



-CH 

\ 



CH-H 



Rs est -CH 2 COOZ, -CH(CH 3 )COOZ ou un radical monovalent de structure R-O- (CH2)m- (pH-COOZ; 
X est une liaison chimique directe, -0-, -S-, -NH-, -l|l-CH2COOZ ou -Ijl-CH (CHa)COOZ; 
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n est rentier 2 ou 3, sous reserve que lorsque X represents une liaison directe, n est 1, 2 ou 3; 
Z est un hydrogene ou une unite de charge negative, et -iOHz)^ peut 6galement etre -CH2-C(CH3)2-. 
2. Compost selon ia revendication 1 ayant pour formule 



10 



15 



20 



R-O- (CB, ) -CH-COOZ 



r 



! -R, 



X 
I 

{CH 2>n 

R^N^ 



He 



(a+) 



(b-) 



,(b+) 



(II) 



3. Compose selon la revendication 1 ayant pour formule 



25 



30 



35 



40 



R-O-(CH-) -CH-COOZ 

! 

N-R, 

I 1 
(CH,)_ 

(CH,)_ 

N-R, 
I 1 

R-O- <CH 2 ) n -CH-COOZ 



. Me 



(a+) 



(b-) 



E 



(b+) 



(III) 



45 4. Compost selon la revendication 1 ayant pour formule 



50 



55 



60 



65 



R-O- (CE 2 ) m - CH-COOZ 

N-T 

(CBU 
I 2 
X 
I 

<f2>n 

N-T 
I 

R-0-(CH 2 ) m -CH-COOZ 




' MS 



(a+) 



(b-) 



,(b+) 



(IV) 



a 



S3 
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dans laquelie 

T est -{CH 2 )i-*-, -CH(COOH)- ou -CH(COOH)CH2-, 
Qest=CH-ou«N-, 

A est un hydrogene. un hydroxyle ou un hydroxyaJkyle infeneur et 

B est un hydrogene, un alkyle inferieur, un halogene, un carboxyle ou -SO3H. 

5. Compos6 seion la revendication 4 0C1 Me(*0 est Fe(3 + >. 

6. Compost selon la revendication 1 ayant pour formuie 



R-O- ( CHj ) m -CH-COOZ 



I 

X X 



X 

<f2>» 
Rj-N-^ R 1 -N-R 3 



Me 



(a+) 



7. Compose selon la revendication 1 oft 



(b-) 



,(b+) 



(V) 



R-0-(CH,) -CH-COOZ 

2m l 

R^ X R 

est choisi dans ie groupe constitue de 

Tacide 3-hydroxy-2-N-[^-N'-[2"-^N''-bis-(ra^ 

aminoe%l]-N-(cartx)xymethyl)-arninopropionique, 

I'acide 3-phenylmethoxy-2-N-[2'-N / -[2 n -^^ 

amino^thyll-N-CcarboxymdthylJ-amlnopropionique, 

I'acide 3-methoxy-2-N,N-bis-[2'-N\N / -bis-(carboxymethyl)^inoeth 

I'acide 3-phenylmethoxy-2-N,N-bis-[2'-^ 

I'acide 4-(3,6,9,1 2,1 5-pentaoxahexadecyloxy)-3,3-dime%l-2^ 

aminoe%0-N'-(caiboxymethyl)-amino&^^ 

I'acide 4-(4'-0jTiino-phenylmethoxy)^^^ 

aminobutyrique, 

I'acide 4-(3,6,9,1 2,1 S-pentaoxahexad^cyioxyJ-S^^imethyl^-N^^i^-N'.N'-bis- (carboxymethyl)- 

aminoethyQ-aminobutyrique, 

Tacide 3-hydroxy-2-N-[2'-^N^>is-(c^ 

I'acide S-phenylmethoxy^-^-^^ 

plonique, 

I'acide 3-octyloxy-2-N-[2'-^N,-bis-(ca^^ 
laN,N'-bis-(2-hydroxy-1-<^oxy-1-eW^ 
I'acide 4-me^oxy-3,3^ime%l-2-NH2 / -^^ 
aminobutyrique, 

I'acide 3-ph6nylmethoxy-2-N-[1 ^2'<iimeW-2-N^N'-bis-(ca^ 
N-(carboxymethyl)-aminopropionique, 

la N,N'-bis-(4,7,1 0,1 3-tetraoxa-2,2-dimethyM -carboxy-1 -t6tradecyl)-N,N'^is-(carboxym6thyl)- 
ethylenediamine, _ „ m 

la N,N'-bis-(4,7,1 0,1 3-tetraoxa-2,2-dirnethyM -carboxy-1 -tetradecyl)-N,N'-bis-(carboxym6thyl)-1 2- 
dimethyl-ethylenediamine, ,^ JV 
I'acide 4-(3, 6,9,1 2,1 5-perrtaoxahexadecyloxy)-3.3KJimethyl-2-^^^ 
aminocydohexyl(trans)]-N-(carboxymethyl)-aminobutyrique, 

la N.N'-bis-tS-methoxy^^-dim^thyl-l -carboxy-1 -propyl)-N l N'-bis-(carboxymethyl)-1 ,2-(trans)- 
cyclohexanediamine, 
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. I'acide 3-ph6nylm6thoxy-2-N-[2-[2-^ 
amlnopropionique, et 

lather N,NM5is-(24-hydroxy-4,7,10,13,16,19,22^ 
N,N'-bis-(carboxym6thyl)-dlaminedi§thy!ique. 
8. Compose selon ia revendlcalion 1 oD Me( a+ ) est FeP*) et 

R-0-(CH 2 ) m -CH-CC50Z 



R 



15 



20 



25 



30 



est choisi dans le groupe constitue de 
laN,N'-bis-(2-methoxy-1-carboxy-1-6thyl^^^^ 

ia N,NM)is-(3, 6,9, 1 2-tetraoxa-1 -carboxy-1 -tridecyi)-N,N / -bis-(2-hydroxyph§nylm6thyi)- 
6thylenediamine, 

la N.N'-bis-p.eAl 2-tetraoxa-1 -carboxy-1 -tridecyl)-N,N'^is-(2-hydroxy-5-m6thoxyphenyim6thyl)- 
6thyl6nediamine, 

la N.NMas-p-methoxy^-dimethyM -carboxy-1 -propyi)-N,N'-bis-(2-hydroxyphenylmethyl)- 
ethylenediamine, B 
la N.N'-bis^l-hydroxy-^.IO.IS.ie.ig-hexaoxa-^^^ 
(2-hydroxyphenyimethyl)-^thylenediarnlne, 

la N,N'-bis-(3-(2,3-dihydroxypropoxy)-2,2-dimethyi-1 -carboxy-1 -propyl)-N,N'-bis-(2-hydroxy- 

phenylmethylHthylenediamine, ^ , _ n 

la N,N'-bls-(3-m6thoxy-2,2-dim6trtyl-1-carboxy-1 -propyl-N,N'- bis-(2-hydroxy-5-methoxyphenylm6thyl)- 

Sthylenediamine, ^ 

la N,N'-bis-(3-hydroxy-2,2-dimethyM-c^ et, 

laN,N'-bis-(3-ph6nylmemoxy-2,2^im<§thyM 

9. Dans un milieu pour IMmagerie en contraste par RMN qui contient un agent influant sur le temps de 
relaxation, le perfectionnement qui consiste en ce que ledit agent est un compose repondant a la formule 



40 



45 



50 



55 



60 



R, Nlj 



Me 



(a+) 



Cb-) 



E 



(b+) 



(I) 



dans laquelle 

a est 2 ou 3; 

b est un entier de 0 a 4; 

Me(a+)estFe(2+) l Fe(3+) l Gd(3+)ouMn(2+); . 

E0»> est un ion d'un metal alcalin, d'un metal alcalino-terreux, d'un alkylammonium, d'un aicanolammonium, 
d f un poiyhydroxyalkylammonium ou d'un amino-acide protone basique, lesdits ions representant une 
charge totale de b; 
m est un entier de 1 a 5; 

R est H, un alkyle de 1 a 8 atomes de carbone, un alkyle de 1 a 8 atomes de carbone, dont 1 a 5 carbones 
sont substitues par OH; un aralkyle de 1 a 4 atomes de carbone aliphatiques; un phenyle ou un phenyle 
substitue par un halogene, un hydroxyle, un carboxyle, un carboxamide, un ester, SO3H, un sulfonamide, 
un alkyle inferieur, un hydroxyaikyle inferieur, un amino, un acylamino; un (poly)oxa-alkyle de 1 a 50 
atomes d'oxygene et de 3 a 150 atomes de carbone, 0C1 1 a 5 atomes d'hydrogene peuvent etre remplaces 

F^S'-CHaCOOZ, -CH(CH 3 )COOZ, -CH 2 CH2-N(CH 2 COOZ)2, un radical hydroxyaryiaikyle, hy- 
droxypyridylalkyle, hydroxyaiyl (carboxy)alkyle ou hydroxypyridyl (carboxy)alkyle o& le radical aryle ou 
pyridyle peut §tre substitue par un hydroxyle, un hydroxyaikyle, un alkyle, un halogene, un carboxyle ou 
SO3H; 

R2 est comme Ri ou est 
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-CB 2 COO!, -CH(C8 3 )C00J, - (CHjj^X-ICHjJ^H^ 

R 3 



1 



CR. 



CH, 



-CH 

\ ^ 



CH-N 



oCi 

R3 est -CH2COOZ, -CH(CH3)COOZ ou un radical monovalent de structure R-0-(CH2)m- <pH-COOZ; 



20 X est une liaison chimique directe, -O-, -S-, -NH-, -IVJ-CH2COOZ ou -r^H(CH3)COOZ; 

n est rentier 2 ou 3, sous reserve que lorsque X represents une liaison directe, n est 1 , 2 ou 3; 
Z est un hydrogdne ou une unite de charge negative, et -<CH2)nr-peut £galement §tre -CHa-C(CH3)2-. 
10. Milieu selon la revendication 9, dans lequel I'agent a pour formule 
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R-O-(CH-) -CH-COOZ 

2 HI | 

I ; 

<f 2 >n 
X 

I 

(CH,)_ 
I 2 n 



Me 



(a+) 



(b-) 



,(b+) 
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11. Milieu selon la revendication 9, dans lequel I'agent a pour formule 



R-O- ( CH, ) -CH-COOZ 
2 n | 

N-R. 



X 

t 

N-R. 
I 1 

R-O- (CH- ) -CH-COOZ 



. Me 



<a+) 



(b-) 



E 



(b+) 
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12. Milieu selon la revendication 9, dans lequel I'agent a pour formula 
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R-0-{CH 2 ) m -CH-COOZ 



R-O- ( CH 2 ) m -CH-COOZ 




• Me 



<b-) 



(b+) 



(IV) 



L 

dans laqueile 

T est -(CH 2 )i-2-. -CH(COOH)- ou -CH(COOH)CH2-, 
Qest»CH-ou =N-, 

A est un hydrogene, un hydroxyle ou un hydroxyalkyle inferieur et 

B est un hydrogene, un alkyle inferieur, un halogene, un carboxyle ou -SO3H. 

13. Milieu selon la revendication 12 dans lequel Me(a+) est Fe(3+). 

14. Milieu selon la revendication 9, dans lequel I'agent a pour formule 



R-O- (CB 2 ) m -CH-COOZ 
(CH 2 ) a -N-(CH 2 ) n 

f 



Me 



(a+) 



(b-) 
E (b+) 



(V) 



15. Dans un procede de diagnostic par RMN de tissu dans lequel on administre une quantite efficace 
d'un milieu de diagnostic, le perfectionnement qui consiste en ce que ledit milieu contient une quantite effi- 
cace pour influer sur le temps de relaxation d'un compose de formule 

50 



R-O-(CH 2 ) w -CT-CQ0Z 
*1 *2 



dans laqueile 

a est 2 ou 3; 

bestun entier de 0 a 4; 

Me(*+) est Fe(2+), Fe<H GdP+> ou Mn(2+); 



Me 



(a+) 



(b-) 
E (b+) 
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EG*) est un ion d'un metal alcalin, d'un m6tal alcalino-terreux, d'un alkylammonium, d'un aicanolammonium, 
d'un polyhydroxyalkytammonium ou d'un amino-aride protone basique, lesdits ions reprasentant une 
charge totale de b; 
mestun entierde 1 a 5; 

R est H, un aikyle de 1 a 8 atomes de carbone, un aikyle de 1 a 8 atomes de carbone, dont 1 a 5 carbones 
sont substitues par OH; un aralkyle de 1 a 4 atomes de carbone aliphatiques; un phenyie ou un phenyle 
substitue par un halogene, un hydroxyle, un carboxyle, un carboxamide, un ester, S03H, un sulfonamide, 
un aikyle inferieur, un hydroxyaikySe inferieur, un amino, un acylamino; un (poty)oxa-alkyle de 1 a 50 
atomes d'oxygene et de 3 a 150 atomes de carbone, ou 1 a 5 atomes cfhydrogene peuvent etre remplaces 
par OH; 

Ri est -CH 2 COOZ, -CH(CH 3 )COOZ, -CH 2 CH2-N(CH2COOZ) 2l un radical hydroxyarylalkyle, hy- 
droxypyridylalkyle, hydroxyaryl (carboxy)alkyle ou hydroxypyridyl (carboxy)aikyle ou le radical aryle ou 
pyridyle peut etre substitue par un hydroxyle, un hydroxyaikyle, un aikyle, un halogene, un carboxyle ou 
SO3H; 

R 2 est comme R1 ou est 



20 



-CH 2 C002, -CH(CH 3 )C00Z, * (CH 2 ) n* X " (CH 2 ) n" N « 
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R, 



-CH- 

I 

CH. 



'CH-N 
CH, 



on 



•CH-N 



'<CH 2 )£^ 



\ 

"3 



ou 



R3 est-CH 2 COOZ, -CH(CH3)COOZ ou un radical monovalent de structure R-O-{CHa)nr-<pH-C00Z; 

35 X est une liaison chimique directe, -0-, -NH-, -JjJ-CHaCOOZ ou -JjW2H(CH 3 )COOZ; 

n est rentier 2 ou 3, sous reserve que iorsque X represente une liaison directe, n est 1 , 2 ou 3; 
Z est un hydrogene ou une unit6 de charge negative, et -(CH2)nr- peut egalement etre -CH2-C(CH3)2-. 
1 6. Procede selon la revendication 1 5, dans lequel le compose a pour formuie 



R-O- (CH- ) -CH-COOZ 
4 in | 

(CH,)_ 

I 2 ° 
X 

,"2 n 
Rj-N-Rj 



Me 



(a+) 



(b-) 



E 



<b+) 



(ID 
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17. Precede selon la revendication 15, dans lequel le compose a pour formuie 
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R-0-(CH 2 )„-CH 

T 



-cooz 



-R-. 



x 



. Me 



(a+) 



N-R, 
I ^ 

R-0-(CH 2 ) m -CH-COOZ 



18. Precede selon la revendication 15, dans lequel le compose a pour formula 
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R-O- ( CH, ) -CH-COOZ 
£ ID | 




A 



(CH 2 } n 

RH>(CH 2 ) m -CH-C002 y^>& 

B 



(b-) 



,(b+) 



(IV) 



dans laquelle 

T est-(CH2)i-2-, -CH(COOH)- ou -CH(COOH)CHs>-, 
Qest-CH-ou =N-, 

A est un hydrogene, un hydroxyle ou un hydroxyalkyie inferieur et 

B est un hydrogene. un alkyle inferieur, un halogene, un carboxyle ou -SO3H. 

19. ProcSde selon la revendication 18, dans lequel M(a+) est Fe^). 

20. Precede selon la revendication 15, dans lequel le compost a pour formule 
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R-0-(CH 2 ) jn -CH-COOZ 
X 



( 



Rj-N-Rj R x 



I 



He 



(a+) 



-A-R, 



(b-> 



(V) 



21. Proc6de pour la preparation d'un compost selon la revendication 1 comprenant la reaction d'un sel, 
oxyde, hydroxyde ou sel basique d'un ion Me(a+) avec un acide polyaminopolycarboxylique de formule 

R-0-(CH 2 ) m -CH-COOH 



30 



35 



40 



dans laquelle 

m est un entierde 1 k5\ 

R est H, un alkyle de 1 k 8 atomes de carbone, un aikyte de 1 k 8 atomes de carbone, dont 1 k 5 carbones 
sont substituis par OH; un aralkyle de 1 k 4 atomes de carbone aiiphatiques; un ph6nyle ou un ph6nyle 
substitue* par un halogene, un hydroxyle, un carboxyle, un carboxamide, un ester, SOaH, un sulfonamide, 
un alkyle inferieur, un hydroxyalkyle interieur, un amino, un acylamino; un (poiy)oxa-alkyle de 1 a 50 
atomes d'oxygene et de 3 h 150 atomes de carbone, ou 1 k 5 atomes d'hydrogene peuvent etre remplaces 
par OH; 

Ri est -CHzCOOZ, -CH(CH 3 )COOZ, -CH2CH2-N(CH 2 COOZ) 2 , un radical hydroxyarylalkyle, hy- 
droxypyridylalkyle, hydroxyaryl (carboxy)alkyle ou hydroxypyridyl (carboxy)alkyIe ou ie radical aryle ou 
pyridyle peut §tre substitue* par un hydroxyle, un hydroxyalkyle, un alkyle, un halogene, un carboxyle ou 
SOaH; 

R2 est comme Ri ou est 



45 



-CH 2 COOZ, -CH(CH 3 )COOZ, ~(CH 2 ) Q -X- (CH^-N 
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-CH CH-N 

I I \ 

h -CH 3 



•CH- 

Y 



-CH-N 



CH, CH, 'R3 °« 
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OU 

R3 est -CH2COOZ, -CH(CH3)COOZ ou un radical monovalent de structure R-C-{CH2)rn- (pH-COOZ; 

X est une liaison chimique directe, -0-, -S-, -NH-, -Jvl-CHaCOOZ ou -^-CH(CH 8 )COOZ; 

n est rentier 2 ou 3, sous reserve que lorsque X represente une liaison directe, n est 1, 2 ou 3; 

Z est un hydrogene ou une unite* de charge negative, et -{CH 2 )m- peut egalement §tre -CH2-C(CHa)2-; 

ou leurs sels de metaux alcaiins, leurs sets de m6taux alcallno-terreux ou leurs sels diamines. 
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22. Acide polyaminopolycarboxyllque de formule 

R-0-(CH 2 ) m -CH-COOH 

i da) 

«1 R 2 

10 dans laquelle 

m est un entier de 1 a 5; 

R est H, un alkyle de 1 a 8 atomes de carbone, un alkyle de 1 a 8 atomes de carbone, dont 1 a 5 carbones 
sont substitues par OH; un aralkyle de 1 a 4 atomes de carbone aliphatiques; un phenyle ou un phenyle 
substitue par un halogene, un hydroxyie, un carboxyle, un carboxamide, un ester, SOaH, un sulfonamide, 
15 un alkyle Inferieur, un hydroxyalkyle inferieur, un amino, un acylamino; un (poly)oxa-alkyle de 1 a 50 
atomes d'oxygene et de 3 a 150 atomes de carbone, ou 1 a 5 atomes d'hydrogene peuvent etre remplaces 
par OH; 

Ri est -CH 2 COOZ. -CH(CHs)COOZ, -CH2CH2-N(CH 2 COOZ)2, un radical hydroxyarylalkyle, hy- 
droxypyridylalkyie, hydroxyaryl (carboxy)alkyle ou hydroxypyridyl (carboxy)aikyle ou le radical alkyle ou 
20 pyridyle peut etre substitue par un hydroxyie, un hydroxyalkyle, un alkyle, un halogene, un carboxyle ou 
S0 3 H; 

R2 est comme R1 ou est 

25 ^/ R l 

-CHjCOOZ, -CH(CH 3 )C002 f - ( CH 2 ) n ~X- ( CH 2 ) n~ N \^ 

30 R 3 

A 

-CH CH-N 

I I \ 

CH 3 CH 3 R 3 (CH 2 ) l-5 
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40 R3 est -CHaCOOZ, -CH(CH 3 )COOZ ou un radical monovalent de structure R-<HCH2)m- <jiH-COOZ; 

X est une liaison chimique directe, -0-, -S-, -NH-, -IVI-CH2COOZ ou -^-CH(CH3)COOZ; 

n est rentier 2 ou 3, sous reserve que lorsque X represente une liaison directe, n est 1, 2 ou 3; 
Z est un hydrogene ou une unite de charge negative, et - (CH2)nr- peut egalement etre -CH2-C(CH3)2-% 
23. Acide polyaminocarboxylique selon la revendication 22 de formule 



RH>(CH 2 )-CH-C00H 
I 



«{b 2 >» (IIa) 



'fa'a 



60 Rj-N-Rj 

24. Acide polyaminocarboxylique selon la revendication 22 de formule 

65 



61 



EP0 230 893 B1 



10 



35 



R-O-(CH-) -CH-COOH 

i 



N- 



(?H 2 ) n (Ilia) 



( f 2>a 
N-R, 

R-0-(CH 2 ) B -CH-COOH 

25. Adda poiyaminocarboxylique selon la revendication 22 de formula 

20 

OH 

R-O- ( CH, ) m -CH-COOH l 

25 



30 



R-O- (CH, ) „-CH-COOH 




(IVa) 



40 dans laquelle 

Test -{CH2)i-2-, -CH(COOH)- ou -CH(C00H)CH2- f 
Qest =CH-ou =N-, 

A est un hydrog&ne, un hydroxyle ou un hydroxyaikyle Inferieur et 
B est un hydrogfcne, un alkyle inferieur, un halog&ne, un cartoxyle ou -SO3H. 
45 26. Atide poiyaminocarboxylique selon la revendication 22 de formule 

R-0-(CH 2 ) m -CH-COOH 
<j*2>n Wa 
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